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METHODS OF PROCESSI NG SEM CONDUCTOR WAFER AND " PRCDUC{NG

| C CARD, AND CARRI ER TECHNI _ he presen

I nvention rel ates to sem conduct or CM$E£§£#€%IB?ocessing t echni ques, and

particularly to a  yprdGSENbAUSRGEEESTHY CsERT coRBulPol EFERYaND

semnm conduct or
PRODUCING IC CARD, AND CARRIER

TECHNICAL FIELD
The present invention relates to semiconductor
wafer processing techniques, and particularly to a
technique effective for use in handling semiconductor
5 wafers when the semiconductor wafers are processed to a

very small thickness of 100 um or below.

BACKGROUND ART
Now, in the semiconductor devices required to

be thin as well as high density and small size, such as

10 semiconductor devices applied to IC cards, thinner
packages than the usual ones are used, such as TQFP
(thin quad flat package) and TSOP (thin small outline
package). In order to manufacture such packages, it is
necessary to make the semiconductor wafers particularly

15 thin. Here, the known techniques for making the
semiconductor wafers thin, as for example described in
"PRACTICAL LECTURES V1SI PACKAGING TECHNOLOGY (the
second volume)" published by NIKKEI BP Co.,Ltd. on May
31, 1993, pp. 12 to 14, are three types of grinding,

20 chemical etching and lapping. As in the publication,
the grinding is the technique for grinding the rear
surface of a semiconductor wafer with a diamond

grindstone, the etching is the technique for etching the



5 wafers when the sem conductor wafers are processed to a very smal |
t.hi ckness of 100 [err] m or bel ow. BACKGROUND ART Now,

in the semi conductor devices required to be thin as well as high
density and snmal| size, such as 10 semic®nductor devices applied to IC
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publ i shed by NAKHh&PLAPpind dis Obhdbechniqid  £fdB9%riR@ind2the Léarare
three types of grinding, 20 chemcal etching and Tapping: As In the
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surface of a sem conductor wafer with a di anond grindstone, the
etching is the techni quettiertkimhinmg pihecess by the grinding or
lapping is able to grind semiconductor wafers of general
thickness, or about 625 pym (oxr 725 pm) to a thickness of
about 300 um, but has a difficulty when trying to grind
10 to a thickness of, for example, 100 um or below because
s the semiconductor wafer might be cracked even under
strict care when removing it from the grinder. Even if
- the wafer is not cracked, it is remarkably warped
depending on the stress in the passivation film on the
15 wafer surface and the internal stress of the wafer.
This warp causes operational problems in the following
processes such as dicing. In addition, it is difficult
to process large-diameter semiconductor wafers, or
12-inch or above wafers to a specified level of flatness
20 and uniformity.

Moreover, in the thinning process by etching,
since the wafer is rotated at high speed, an excessive
stress is exerted on the semiconductor wafer by the pins
that hold its outer peripheral portion at a plurality of

25 locations, thus breaking the wafer. Furthermore, a warp
will occur due to the internal stress as in the grind-
ing.

In order to solve the above problems, the
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Accordingly, it is an object of the invention
to provide a technique capable of making semiconductor
wafers thin without any crack by solving the above
technical problems.

It is another object of the invention to
provide a technique capable of making semiconductor
wafers thin under easy operation.

It is still another object of the invention to
provide a technique capable of making semiconductor
wafers thin without any warp.

It is further object of the invention to
provide a technique capable of making semiconductor
wafers thin at low cost.

The features of the invention, and the above
objects of the invention together with other objects
will be best understood by the following description,

taken in conjunction with the accompanying drawings.

DISCLOSURE OF INVENTION
A typical one of the inventions disclosed in
this application will be described briefly as below.
The semiconductor wafer processing method

according to the invention includes a first step of



processes such as dicing. In addition, it is difficult to process

| ar ge- di anet er sem conductor wafers, or 12-inch or above wafers to a
specified level of flatness 20 and uniformty. Mor eover ,
in the thinning process by etching, 4ince the wafer is rotated at high
speed, an excessive stress_is exerted on_the sem conductor wafer by
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5 carrier in such a manner that the rear surface of the
wafer with no circuit elements formed therein is
opposite to the carrier, and a third step of making the
semiconductor wafer thin by spin-coating an etchant on
the rear surface of the semiconductor wafer of the wafer
10 composite that is supported with its semiconductor wafer
~ side up.

In this semiconductor wafer processing method,
the semiconductor wafer of the wafer composite is made
to have a larger diameter than the carrier so that all

15 the outer peripheral edge of the semiconductor wafer
overhangs from the carrier when the wafer composite is
formed by bonding the wafer on the carrier. In the
third step, the semiconductor wafer can be thinned while
a gas is being blown from below against the wafer

20 composite. In addition, the semiconductor wafer may be
made to have a diameter equal to or smaller than the
carrier so that the peripheral edge of the wafer does
not overhang from the carrier when the wafer composite
is formed.

25 Moreover, after the semiconductor wafer is
thinned by the third step, a fourth step and a fifth
step may be provided. The fourth step is for sticking

the rear side of the wafer on a dicing sheet and peeling
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semiconductor wafer with a passivation film formed on
its main surface in which circuit elements are already
built, a second step of preparing a plate-like or
film-like carrier that is formed of a base and an
10 adhesive member provided on one surface of the base, a
Y third step of producing a wafer composite by bonding the
semiconductor wafter to the carrier in such a manner
that the rear surface of the wafer with no circuit
elements formed therein is opposite to the carrier, and
15 a fourth step of holding the wafer composite with its
semiconductor wafer side up and spin-coating an etchant
on the rear surface of the semiconductor wafer thereby
to thin the semiconductor wafer. In this case, after
thinning the semiconductor wafer at the fourth step, it
20 is possible to add a fifth step of attaching the rear
surface of the semiconductor onto a dicing sheet and
peeling off the carrier from the wafer composite, and a
sixth step of dicing the semiconductor wafer left on the
dicing sheet into individual semiconductor chips.
25 The IC card producing method according to the
invention includes a first step of preparing a
plate-like or film-like carrier that is formed of a base

and an adhesive member provided on one side of the base,



DI SCLOSURE OF | NVENTI ON A typical one of the inventions
disclosed in 25 this application will be described briefly as bel ow.

The sep conduct or wafer processing nethod according to the invention
includes a first step of
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and a third step of making the sem conduct or wafer thin by
spi n-coati ng leglepltantformed theérdn 6% oppdsiae alo the meEWUd or waf er
of the wafer 10 conposite that is supported with its sem conductor wafer

5 third step of holding the wafer composite with its

semiconductor wafer side up and spin-coating an etchant
on the rear surface of the semiconductor wafer thereby
to thin the semiconductor wafer, a fourth step of
attaching the thinned rear surface of the semiconductor
10 wafer to a dicing sheet and peeling off the carrier from
" the wafer composite, a fifth step of dicing the semicon-
ductor wafer left on the dicing sheet into individual
semiconductor chips, a sixth step of reducing or loosing
or losing the adhesion of the dicing sheet, a seventh
15 step of mounting one or ones of the semiconductor chips
on a card substrate at chip-mounting positions, and an
eighth step of producing an IC card by using the card
substrate with the semiconductor chip or chips mounted.
According to the invention, there is provided
20 an IC card producing method including a first step of
preparing a semiconductor wafer with a passivation film
formed on its main surface in which circuit elements are
already built, a second step of preparing a plate-~like
or film-like carrier that is formed of a base and an
25 adhesive member provided on one surface of the base, a
third step of producing a wafer composite by bonding a
semiconductor wafer to the carrier in such a manner that

the rear surface of the wafer with no circuit elements



si de up. In this sem conductor wafer processing nethod,

the sem conductor wafer of the wafer conposite is nade to have a
Farger, di aneter than the carrier so that all 15 the outer peripheral edge
of the sem conductor wafer overhangs ¥rom the carrier when the wafer
conposite is forned hy bondl t.he wafer on the carrle
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Moreover, aft gurfiReSYH Q;Q{Hjléfén&rcd%ﬁfxﬁftdﬁ wafer WHa¥ESY o tﬁ}?ni hingl step,
a fourth step and a fifth step may be provided. The fourth step is for

sticking 5 g de@ucticie weifdre avafigitipstieglich noctdwtingrcheel i ng
thinned rear side of the semiconductor wafer to a dicing
sheet and peeling off the carrier from the wafer
composite, a sixth step of dicing the semiconductor
wafer left on the dicing sheet into individual semicon-
10 ductor chips, a seventh step of reducing or loosing or
o losing the adhesion of the dicing sheet, an eighth step
of mounting one or ones of the semiconductor chips on a
card substrate at chip-mounting positions, and a ninth
step of producing an IC card by using the card substrate
15 with the semiconductor chip or chips mounted.

When bumps are formed at the chip electrodes
of the semiconductor wafer in the IC card producing
methods of the invention, the thickness of the adhesive
member provided on the base should be equal to or larger

20 than the height of the bumps. In addition, at the
seventh step, it is desirable to directly mount the
semiconductorlchips on the card substrate from the
dicing sheet.

Moreover, the carrier in the invention is used

25 1in the semiconductor wafer processing method, and its
adhesive member comprises an elastically flexible
suction pad for sucking the semiconductor wafer by

vacuum. In this carrier, the suction pad may have a



5 off the carrier, and the fifth step is for dicing the

sem conduct or wafer on the dicing sheet into individual sem conduct or
chips. The sem conduct or wafer processing nmethod of 5 the
i nvention includes a first step of preparﬁhg a sem conduct or waf er
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surface of the base in order to hold the semiconductor

wafer at a plurality of locations.
In addition, the carrier in the invention is
used in the semiconductor wafer processing method, and

10 its adhesive member comprises a suction groove that is

o formed in the base to be communicated with a vacuum hole
connected to a vacuum pump so that the semiconductor
wafer is sucked by vacuum and peeled off from the
carrier by restoring to atmospheric pressure.

15 Also, the carrier in the invention is used in
the semiconductor wafer processing method according to
the invention, and its adhesive member is constituted by
a plurality of suction holes which are formed in one
surface of the base at different locations to be

20 communicated with a vacuum hole connected to a vacuum
pump so that the semiconductor wafer is sucked by
negative pressure and peeled off from the carrier by
restoring to atmospheric pressure.

Moreover, the carrier in the invention is used

25 in the semiconductor wafer processing method according
to the invention, and its adhesive member comprises a
porous member that has a great number of small holes and

is provided on one surface of the base for the small



to thin the sem conductor wafer. In this case, after t hi nning the
sem conduct or wafer at the fourth step, it 20 is possible to add a fifth
Step of attaching the rear surface of the sem conductor onto a dicing
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the semiconductor wafer processing method according to
the invention, and its adhesive member includes an
exfoliation portion coplanar with the base to form a
plurality of small recesses, and gelled silicone
interposed between the peeling portion and the
semiconductor wafer to make the base adhere to the
semiconductor wafer, whereby when the surroundings of
the exfoliation portion are evacuated the silicone is
sunk in the recesses so as td be peeled off from the
semiconductor wafer. The exfoliation portion of the
carrier may be a net or an irregular surface formed on
the base.

In addition, the carrier employed in the
semiconductor wafer processing method according to the
invention has its base made of a transparent material
and its adhesive member made of a UV cure-type adhesive
of which the adhesion is reduced or lost by ultraviolet
rays radiated through the base so that the carrier can
be peeled off from the semiconductor wafer.

Also, the adhesive member employed in the
semiconductor wafer processing method according to the
invention is made of a temperature activation type

adhesive of which the adhesion is reduced or lost by



sem conductor wafer side up and spin-coating an etchant on the rear
surface of the sem conductor wafer thereby to thin the sem conduct or
waf er,, a fourth step of attaching th% t hi nned rear surface of the

sem conductor 10 wafer to a dicing sheet 8nd peeling off the carrier from
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the sen conduehlira@tier it i ithat WY edhesion is reduced\OIBdYY 410 4 he
i nvention, there is provided 20 an IC card producing nmethod including a

first step5of low tempepatiuxg.a sem conductor wafer with a passivation film
formed on its main surface in which circuit elenents are al r eady
built, a second step of Theepahesive pleater idwployed din filendende- carri er
that is formed of a base and an
conductor wafer processing method according to the
invention is a liquid that acts as an adhesive in such a
manner that the semiconductor wafer and the base are
10 made in intimate contact with each other by the
W interfacial force exerted therebetween and that the
semiconductor wafer is peeled off from the base by
ultrasonic waves.

The base of the carrier should be made of an

15 acid-resistant material, for example, compacted fibrous
fluororesin.

Thus, since the semiconductor wafer thinning
process is performed on the wafer composite formed by
bonding the semiconductor wafer to the carrier, any

20 cracks can be prevented from occurring even with no
strict care when the semiconductor wafer is thinned. 1In
addition, since the reduction of the rigidity of the
thinned semiconductor wafer can be compensated for by
the carrier so that release of the stress in the

25 passivation film is prevented, the semiconductor wafer
is not warped. Thus, the semiconductor wafer can be

stably processed to be extremely thin.

Moreover, since the wafer composite can be



25 adhesi ve nenber provided on one surface of the base, a third step
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In addition, since the carrier of the wafer
composite is supported so that no unnecessary stress is
exerted on the semiconductor wafer, any warp does not
occur, and thus the semiconductor can be thinned with

10 high quality.

Y, If the semiconductor wafer is fixed to the
base by the suction pad, the carrier is not necessary to
be discarded after use, and can be simplified in its
construction, and thus the semiconductor wafer can be

15 thinned at low cost.

If the wafer composite is formed by attaching
the semiconductor wafer to the base to overhang from the
carrier and spin-coated with an etchant while gas is
continuously blown against this wafer composite, the

20 etchant can be surely prevented from flowing around the
outer peripheral side into the main surface, thus the
circuit elements being not damaged.

If the wafer composite is so formed that the
outer periphery of the semiconductor wafer does not

25 overhang from the carrier, the etchant is prevented from
flowing around the peripheral side into the main
surface, and thus it is not necessary to blow gas

against the wafer composite. Moreover, since the



card substrate at chip-nounting positions, and a ninth step of
producing an IC card by using the card substrate 15 with the sem conduct or

chip or chips nount ed. When bunps are formed at the chip
el ectrodes of the sem conductor wafe¥2in the IC card producing
met hods of the invention, the thickness of the adhesive menber
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sem conduct or ma vac I's carrier, the suction pad may
have a 5 from the external atmosphere, the rear surface of the

semiconductor wafer can be etched even by dipping.

If an IC card is produced by using semi-
conductor chips that are produced by dicing the thinned
semiconductor wafer, the IC card can be made thinner

10 than that of the conventional one.

Y, If the thickness of the adhesive member
provided on the base is made equal to or larger than the
height of the bumps formed on the semiconductor wafer,
all the carrier is made in intimate contact with the

15 semiconductor wafer so that both are not peeled off from
each other. Also, if the semiconductor chips are
directly mounted on the card substrate from the dicing
sheet, the additional moving operation for the semi-
conductor chips can be omitted, thus throughput can be

20 improved.

The peeling operation after thinning can be
simplified by taking the vacuum suction structure of the
carrier for sucking the semiconductor wafer or by using
the adhesive member formed of the peeling portion and

25 the adhesive sheet or formed of UV cure-type adhesive or
temperature activation adhesive. Moreover, since the
semiconductor wafer is always kept flat along the base,

the warp of the semiconductor wafer can be effectively



si ze enough to suck substantially all region of one surface of the

sem conductor wafer. In addition, it may be formed in a ring shape

al ong the outer periphery of t he seniconductor wafer. Also, a
plurality of such 5 suction pads may belﬁrovided on all the region of one
surface of the base indprder to hold the sem conductor waf er at a
plurality of SEPEEESTES - In addition, the carrier in the

i nvention is used il the m m@;pr r.QC ' et hod, and
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Al so, the carrier in the inventionis used in t he sem conduct or wafer
processi ngs newageraeady theNghals®-produdee iatvariv @bstand its adhesi ve nenber
I's constituted by a plurality of suction holes which are fornmed in one

surface of the base at @inker dite lcagatiieondavinge the base made of an
acid resistant material can be repeatedly used in the
thinning process, the thinned semiconductor wafer can be
mass-produced at low cost.
10 Since the base may be made of compacted
N fibrous fluororesin having a feature of resistance
against acid, it is possible to use various different
adhesives such as temperature activation type adhesive

with weak adhesion to the base.

15 BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is a plan view of the carrier used in

the semiconductor wafer thinning process of one
embodiment of the invention, Fig. 2 is a cross-sectional
view taken along a line II-II in Fig. 1, Fig. 3 shows

20 part of the semiconductor wafer processing procedure
using the carrier of Fig. 1, Fig. 4 is another part of
the procedure using the carrier of Fig. 1 after the
operation of Fig. 3, Fig. 5 is a schematic diagram of
the etching apparatus used in the semiconductor wafer

25 thinning process according to the invention, Fig. 6
shows another part of the procedure using the carrier

after the operation of Fig. 4, Fig. 7 shows another part



20 communi cated with a vacuum hol e connected to a vacuum punp so that
the sem conductor wafer is sucked by negati ve pressure and peel ed off
fromthe carrier by restoring to atnpspheric pressure.

Moreover, the carrier in the invention i sléised 25 in the seniconductor

waf er processing t hod accordin to the inventio and its .adhesive
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t he sem conduct or wafer processing nmethod according to
5 carrier of Fig. 1 after the operation of Fig. 8, Fig. 10
shows another part of the procedure using the carrier of
Fig. 1 after the operation of Fig. 9, Fig. 11 is a plan
view of the carrier used in the semiconductor wafer
thinning process according to another embodiment of the
10 invention, Fig. 12 is a cross-sectional view taken along
L/ a line XII-~-XII in Fig. 11, Fig. 13 is a plan view of the
carrier used in the semiconductor wafer thinning process
according to still another embodiment of the invention,
Fig. 14 is a cross-sectional view taken along a line
15 XIV-XIV in Fig. 13, Fig. 15 is a plan view of the
carrier used in the semiconductor wafer thinning process
according to still another embodiment of the invention,
Fig. 16 is a cross-sectional view taken along a line
XVI-XVI in Fig. 15, Fig. 17 is a plan view of the
20 carrier used in the semiconductor wafer thinning process
according to still another embodiment of the invention,
Fig. 18 is a cross-sectional view taken along a line
XVIII-XVIITI in Fig. 17, Fig. 19 is a plan view of the
carrier used in the semiconductor wafer thinning process
25 according to still another embodiment of the invention,
Fig. 20 is a cross-sectional view taken along a line
XX-XX in Fig. 19, Fig. 21 is a plan view of the carrier

used in the semiconductor wafer thinning process



the invention, and its adhesi ve nenber includes an exfoliation portion

coplanar with the base to forma plurality of small recesses, and
gelled silicone 10 interposed between the peeling portion and the
sem conductor wafer to make the base adhéﬁb to the seni conduct or

waf er, whereby when_ the surroundlng the exfaliation portion are
evacuat ed t hePSFPFEbRe te stil thﬁrtﬁ@b?G&@§§Es°§otﬁ§ tBVEBtHEeBred of f

f th 15 duct f | i at t f
carrior may GEAE e oF %Lc%%%éa?a Pafif 1 aBbOToFAEBRofLOna 2y k% Base,

In addltlonné%%f Cfﬁfie oy?gélﬁtéhe23 s o@gnhgggdggtgﬁemafer

processi ng od accor |nven on nas i ase nmade of a

Lranspar ent MpLgTbahg ctoraﬁgﬁéi's p20bEsk Ao BIbELARICuREg Hecur e type

adhesi ve esion s re d or lost by dltraviolet

rays rad'%iedcéffﬁéﬂhofhFLQQSSIZOFiBQtzkhghéﬁérhﬁbtﬁéﬂ part Be pael ed of f
fromthe sem conduct or wafer Al so, the adhesive nenber

enpl oyed in t$emicondaetor ondbet oprvbéesingopessedgraeubofdgaenerding to the

carrier of Fig. 21 after the operation of Fig. 23, Fig.
25 shows another part of the semiconductor wafer
processing procedure using the carrier of Fig. 21 after
10 the operation of Fig. 24, Fig. 26 shows another part of
W the semiconductor wafer processing procedure using the
carrier of Fig. 21 after the operation of Fig. 25, Fig.
27 shows another part of the semiconductor wafer
processing procedure using the carrier of Fig. 21 after
15 the operation of Fig. 26, Fig. 28 shows another part of
the semiconductor wafer processing procedure using the
carrier of Fig. 21 after the operation of Fig. 27, Fig.
29 (a) illustrates the state of the bonded semiconductor
wafer and carrier, Fig. 29 (b) illustrates the state of
20 the separated semiconductor wafer and carrier, Fig. 30
shows another part of the semiconductor wafer processing
procedure using the carrier of Fig. 21 after the opera-
tion of Fig. 28, Fig. 31 shows part of the semiconductor
wafer processing procedure according to still another
25 embodiment of the invention, Fig. 32 shows another part
of the procedure after the operation of Fig. 31, Fig. 33
shows another part of the procedure after the operation

of Fig. 32, Fig. 34 shows another part of the procedure



i nvention is nmade of a tenperature activation type - adhesi ve of which
t he adhesion is reduced or |ost by

10 . temperature change so that the carrier can be peel ed off
fromthe sem conductor mafer The tenpeH%QHe activa- tion type
adhesive of this caryier have u . acteristic that its
adhesison is r%ﬁﬁ%€d£g? PB?F 5iog of g'1‘35 Pé%/?éﬁpepg ﬁQWS bndthes

The adhesi ve HERPCleelRLONESCLALLN®AREMLE the operar1BANGHCEEL Waher

processi ng accor ion s afr qU|d t hat

acts as an ad?fgngs'QhéHShaﬂother pazt 8RNERE %QBEeHB%eSSEkQQ“@H%tor waf er

and the base ar In Intimte contact wth each other by the
interfaci al fgpesaexehted khgrehbstweeg, and Lhakst BAother part ®2Mchanductor

wafer is peeled off fromthe base by ul trasoni c " waves.

5 procedure after the operation of Fig. 36, Fig. 38 is a
plan view of the carrier used in the semiconductor wafer
thinning process according to still another embodiment
of the invention, Fig. 39 is a cross-sectional view
taken along a line XXXIX-XXXIX in Fig. 38, Fig. 40 is a

10 cross-sectional view of the carrier used in the semi-
conductor wafer thinning process according to still
another embodiment of the invention, Fig. 41 shows part
of the semiconductor wafer processing procedure accord-
ing to still another embodiment of the invention, Fig.

15 42 shows another part of the procedure following the
operation of Fig. 41, Fig. 43 shows another part of the
procedure following the operation of Fig. 42, Fig. 44
shows another part of the procedure following the
operation of Fig. 43, Fig. 45 shows another part of the

20 procedure following the operation of Fig. 44, Fig. 46
shows another part of the procedure following the
operation of Fig. 45, Fig. 47 shows another part of the
procedure following the operation of Fig. 46, Fig. 48
shows another part of the procedure following the

25 operation of Fig. 47, Fig. 49 shows another part of the
procedure following the operation of Fig. 48, Fig. 50
shows another part of the procedure following the

operation of Fig. 49, Fig. 51 shows another part of the



The base of the carrier should be nade of an 15 aci d-resi stant

material, for exanple, conpacted fibrous fluororesin

Thus, .since the sem conductor wafer thinnjng process i s perforned
on the wafer conposite f or med by 17bonding t he seniconductor waf er
to the carrlerr ¥ £ i? % can_be reven g fro urrlﬁ% even

W th ro PTroCefpre: 1R 8wﬁﬂgn PﬁeoggﬁF SRBuE 18hi Mifed. In

addi i on. S1 NgobBeahBUHELl 89:81 oENenCl ghdbpkutt ngﬁlowtlﬁg epel hi nned

sen1conductor wa can ensa rier so that

rel ease of thgy éié%ién' BtlPeg. 51, 251835§BV§hb€&§ Ehb%hb% E2¥epiedne he

sem conduct or ma er i s not war ped. Thus, the sen?bonductor waf er
can be proétalib¥ PH2I6GSAE tRebBpBXhteBRB! Bt PiG. 52, Fig. 54

Mor eover, since the wafer conmpoSite can be handl ed in the sanme
way as the seghewsdanbehewapart of the procedure following the
operation of Fig. 53, Fig. 55 is an enlarged plan view
of the chip electrode portion of the semiconductor wafer
of Fig. 41, Fig. 56 is a cross-sectional view taken
along a line C,-C,, Fig. 57 shows the details of Fig. 48,
10 Fig. 58 is a plan view of the internal structure of the
Y IC card produced according to this embodiment, Fig. 59
is a cross-sectional view taken along a line C,-C,, Fig.
60 is an enlarged cross-sectional view of portion A of

Fig. 59, and Fig. 61 is an enlarged cross-sectional view

15 of portion B of Fig. 60.

BEST MODE FOR CARRYING OUT THE INVENTION
Preferred embodiments of the invention will be
described in detail with reference to the accompanying
drawings. In all the figures useful for the embodi-
20 ments, like elements are identified by the same
reference numerals, and will not be repeatedly
described.
Fig. 1 is a plan view of the carrier used in
the semiconductor wafer thinning process according to
25 one embodiment of the invention, Fig. 2 is a cross-
sectional view taken along the line II-II in Fig. 1,

Fig. 3, Fig. 4 and Figs. 6 to 10 are flow diagrams of



having a normal thickness before thinning, any cracks can be prevented

form occurring on the sem conduct or wafer even with no strict care,
and the work for 5 thinning can be nade with ease. In
addition, since the carrier of the wafer 18 conposite is supported so

t hat no unnecgssar y stre ted op the sem conductor ﬁgfer any

warp does not® Tﬁﬁﬁﬁgu%&ﬁFtYR£?¥h%r%%ﬁ§%bﬁ%ue¥%?egﬂﬁe bBS AT NHEE wi t h

10 high quall t se ndu r edsto the
base by the sud?f%ﬁf P F%%e cér%%%rpl n%lfge%eéégéugiig digg%%%dggcarded
after use, a%&a@t&? 5 "Bbbd 1L Nl §08shi ¥6ha8BtoRNFaklYS the
sem conduct or waf er ahdtggﬁb gg%lnned a%n %a/cos ° a I f the
waf er conposi @i hSihgr dys attachi ng the semi conductor wafer to the
base to overhang fromthe carrier and spin-coated with an etchant
while gassis cont i ThiwuSayrDéOWD Agpissédt in SFIgser 1can@osi has ahe 20

et chant can be surely prevented fromflow ng around the
plate-like shape in order for the semiconductor wafer 2

(shown in Fig. 3 and other figures) to be stuck and held
on the carrier to form the wafer composite 10 (as shown
in Fig. 3 and other figures). This carrier 1 is formed

10 of a base la and an elastically flexible suction pad

/ (adhesive member) 1b provided on one surface of the base

la. The base la formed in a disk along the shape of the
semiconductor wafer 2 is made of, for example,
fluororesin, glass plate or epoxy resin which has

15 resistance to acid. The suction pad 1b to which the
semiconductor wafer 2 is stuck is made of, for example,
soft rubber having a size enough to absorb, or adhere to
substantially all region of one surface of the semicon-
ductor wafer 2. 1In this embodiment and the following

20 embodiments, the base la constituting the carrier 1 is
preferably made of a material having resistance to acid
as described above in order that it can be prevented
from changing in quality by an etchant L (Figs. 5, 6).
In addition, in order that the semiconductor wafer 2 can

25 Dbe prevented from being broken by the action of
concentrated stress by the supporting pins of the
etching apparatus on the supported locations of the

semiconductor wafer 2 as will be described later, the



outer peripheral side into the main surface, thus the circuit elenents

bei ng not danmaged. If the wafer conposite is so forned that
the , outer periphery of the sem conductor wafer does not 25 overhang
fromthe carrier, the etchant is preventéd from fl ow ng around the

DeEahere) S, P Mol Topan 5 84 s R D%t o olELyTeRERSS Y
12 t hi ) duct t h . f t
L2 o, Tha BRSNS e Pl R PSR CORREE: g,

the main surfgce of the sem conduct or wafer is covered by the carrier
so that it is shielded 5 fromthe external atnosphere, the rear surface

of the sem conductfie Wad! cSidubEo Sl wAEEr €Y €8t B¥k UbRPERAE- suction
If an IC card is produced by using sem - conductor chips that are
produced By Gh£d Nb tie dPdwi®dto be thin by the following process.
First, the rear surface of the semiconductor
wafer 2, after the completion of the pretreatment
process up to the electric examination for the circuit
elements formed on the main surface, is ground to a
10 thickness of, for example, about 250 um with a diamond
" grindstone or abrasive grains. 1In this case, immediate-
ly the thinning process described later may be performed
without this preliminary process.
Then, the semiconductor wafer 2, under the
15 condition that its rear surface having no circuit
elements is directed to the outside, or opposite to the
carrier 1, is pressed against the carrier 1 as shown in
Fig. 3. When a light weight is loaded uniformly on the
entire surface of the semiconductor wafer 2, the suction
20 pad 1b is elastically deformed so that the volume of the
pad closed by the wafer 2 is decreased to discharge the
internal air. When the load is removed from the wafer
2, the adhesion pad 1b intends to be restored by itself
to the original shape. As a result, the reduced volume
25 expands somewhat close to the original volume, but air
is prevented from flowing into the pad by the wafer 2
that is made in intimate contact with the pad. Conse-

quently, a pressure-reduced state is created within the



sem conductor wafer, the IC card can be nmade thinner 10 than that of the

conventi onal one. If the thickness of the adhesive nenber
‘provided on the base is made equal to or |arger than the hei ght of the
bunps forned on the sem conductor wafer, 20 all the carrier is made in

intimte contact with the 15 sen1conductor waf er so that, both are not

peel ed of f friRtion Ragtiky kG thag ddhe walen LAARPRRRHSERIP N are
directly mounted,on the car trate fron1 he dicin sheet, the
addi ti onal %d‘ Cgf Q@Hbs'setrﬁ ate c%m%off ek psS can be

omtted, thus bgg,. 2 r The peeling
operation after t%jg@% @n bgthpe %Prr%?“%il enéb%dn?a [ ng ?he vacuum
suction St Ugidiidadditor vardsd’d Idiq 'Qix 'fgcsﬁsetfamﬁwdeﬁéor vaf er

or by using t he adhesi ve nmenber forned of the peeling portion and 25
the adhespve ya¥est mdeingd 1 éi\éfé!;{tﬁﬂ Vite enbesi yEamdéters agenperature

activation adhesive. reover, since sem conduct or wafer is always
kept flat al egildteddse,Fig. 4, the wafer 2 may have a smaller
diameter than the carrier 1 or may have a larger
diameter than that as described later.
After the completion of wafer composite 10, a
10 plurality of such wafer composites with their wafers 2
s up are enclosed in a cassette case 20a (Fig. 5), and
carried to the etching process.
Fig. 5 shows the etching apparatus for the
wafer composite 10. The etching apparatus is a
15 spinning-type etcher which coats an etchant L by
spinning on the surface of the semiconductor wafer 2.
This etching apparatus includes a loader 30 having the
cassette case 20a, a working stage 50 on which the wafer
composite 10 being processed is placed, and an unloader
20 40 having a cassette case 20b in which the processed
wafer composite 10 is enclosed. Also, it has a handler
60 for carrying the wafer composite 10 from the loader
30 to the working stage 50, and from the working stage
50 to the unloader 40. The wafer composite 10 is
25 carried with its rear surface lifted by this handler 50.
Because an inert gas such as N, gas, or air is blown from
below against the wafer composite placed on the working

stage 50, an air spout 70 is provided beneath the



the warp of the sem conductor wafer can be effectively

13 suppr essed. Since the carrier formed of an
Teversible tenperature activation t pe adhesi ve can be repeatedly
used in the thinning process, the thinne@~sem conductor 5 wafer can be

mass- produced, ghe J oW H08e 50.  1n addition d& G b Hls N1 dide L he base
re et 1) be it I% n the

made of an aci Stant ert1al "can pea used

t hi nning pro ; [ ' J e roduced
(ﬁ%éfléé}f dd ﬂﬁgit?gée“%@é’b%cgﬁp%ﬁigée fRhEE for eXBRS1E!

at | ow cost. _ _ I nmade of conpact'ed o
fibrous fluonghesd ndaiiths TRRIGEPrdds ISSd PR NCFong thaGedPsphasad, it is

possi ble to use various different adhesi ves such as tenperature
activation tyRjeadeihe stage VB0 VERK sSAhiRetOing pine $ASean be
5 rotated around the working stage 50 by a motor not
shown, and thus the wafer composite 10 is rotated around
its rotating axis by the supporting pins 80. A nozzle
90 from which the etchant L is dropped on the semicon-
ductor wafer 2 is further provided above the working
10 stage 50.

\/ The handler 60 picks up one of the wafer
composites 10 from the cassette case 20a that has been
set in the loader 30 of the etching apparatus, and loads
it on the working stage 50 with its wafer 2 side up.

15 Here, since the handler 60 carries the wafer composite
10 with its rear surface (namely, base la side)} lifted,
such a shock as to occur when the semiconductor wafer 2
side sucked by vacuum is carried is not added to the
semiconductor wafer 2, and particularly the semicon-

20 ductor wafer 2 can be prevented from being cracked after
the thinning process.

After loading the semiconductor wafer on the
working stage 50, N, gas, for instance, is blown from the
gas spout 70 against the wafer composite 10, to slightly

25 float it from the stage 50, and it is gripped by the
supporting pins 80 when floated. While the N, gas is
being continuously blown against the wafer composite 10,

the wafer composite 10 is rotated at a rate ranging from



15 BRI EF DESCRI PTI ON OF DRAW NGS Fig. 1 is a plan view of

the carrier used in t he sem conduct or wafer thinning process of one
‘enmbodj nent of the invention, Fig. 2 is a_gross-sectional vi ew t aken
along aline Il-1l1 in Fig. 1, Fig. 3 sho 20 part of the sem conductor

Tl v el SSRSE v T R ST BB ol o
operation of Gig,id Fige BedspdsSEAGHAG Sh2018M0 tne sehlEoRLCN NO

appar at us us € sem Co or waf er nni ng process according to

the 1nventionydier Parer 25NONG PRLRRInGAIL 8L LREwR PRCHNEe poi g the

carrier atfter the operation . Fig. ws ano her “part
14 of t heoPrachs g USh S Of 1 en&9d rd BEe Rl é€ENLRG, OPET 851 @8sired Of Fi Q.

6, Fig. 8 shows another part of the procedure

5 that when the etchant L is dropped, the nozzle 90 be
moved at a constant speed up to the outer peripheral
edge through the center of the semiconductor wafer 2
while the distance between the nozzle and the wafer is
maintained constant. The etching speed of the dropped

10 etchant L is selected to be, for example, 30 pm/min, and

\¢/ etching time is chosen to be, for example, about 400

seconds. In order that undesired vibration due to the
high-speed revolution is prevented from occurring, not
to wave the etchant L causing uneven etching or not to

15 detach the wafer 2 from the supporting pins 80, the
rotation center is made coincident with the center of
the wafer 2. 1In addition, although the constituents of
etchant L to be chosen are dependent on the purpose of
etching, it is desired that, in this embodiment for

20 thinning, the etching rate be selected to be as high as
10 pm/min to 100 um/min. Moreover, when greater
importance is attached to the flatness, the etching
process may be divided into two steps so that the second
etching step can be performed with a lower etching rate

25 one of etchant L. While in this embodiment the etchant
L is a mixture of fluoric acid, nitric acid and
phosphoric acid, it may be added with a surface active

agent for controlling the reaction.



using the carrier of Fig. 1 after the operation of Fig. 7, Fig. 9
shows anot her part of the procedure using the 5 carrier of Fig. 1 after

the operation of Fig. 8, Fig. 10 shogg anot her part of the procedure
using the carrier of Fig. 1 after thé&“operation of Fig. 9, Fig. 11 is
a plan view of the_carri.er used.in the .sem conductor. wafer

t hi nni-ng process accordiIﬁ‘g saﬁ'@tyhelxh(?nﬁ?&}lr?@ﬁ’tdcu&%%émfﬁf iﬁ\Pefntﬁ‘}b%, Fig.

12 i's a crossyagel] analboui el bl Uekily to b oIS Wd P lain Fig. 11

Fig. 13 is a plan‘view o carrier use e “'sem conduct or waf er

thi nni ng proc%ﬁilgknessf‘l%fio%‘ﬁdﬁ& 59 $id lds 3BJREH LT mENt Qf 1

I nventi on, lg. 14 1s a cross-sectional view taKen along a [ine 15
XIV-XI'V in Fi gask3, thiedthiekn®sd Alsahot @Wnlftdd®o 50 168 Bl msethd N the
sem conduct or wafer thinning process according to still another

enbodi nents of atrhd tirardllyi @elected.Fi AftEr et icig)s Tire Gdndidndiuetrt aken
along a line XVI-XVI in Fig. 15, Fig. 17 is a plan view of the 20
carrier used wafelwe 2sdisi cumeiect oribhafpare MWateimg gdbclsied by m@sadridigig to
still another enbodi nent of the invention, Fig. 18 is a

cross-secti ondt dte@ hdighn splesdg of 11089 to 3000 rpm.

After the thinning process, the wafer
composite 10 is unloaded from the working stage 50 by
10 the handler 60, and carried into the cassette case 20b
] for unloader that is provided in the unloader 40. These
processing steps are performed for each of all the wafer
composites 10 housed in the cassette case 20a of the
loader 30. After the processed wafer composites are
15 placed in the cassette case 20b for unloader, the
cassette case 20b is taken out from the etching
apparatus.
Then, each wafer composite 10 is drawn out
from the cassette case 20b, and stuck on the dicing tape
20 4 with a ring 3 attached in such a manner that as
illustrated in Fig. 8 the rear surface of the wafer 2
can be cemented onto the adhesive surface as in the
conventional attachment of wafer 2 on tape. The dicing
tape 4 used is formed of, for example, a base made of
25 PET (polyethylene terephthalate), vinyl chloride,
polyester or polyethylene, and an adhesive of acrylic
polymer coated on the base. The base and adhesive may

be other materials. The dicing tape may be of the



XVITI-XVITl in Fig. 17, Fig. 19 is a plan view of the carrier used in

the sem conductor wafer thinning process 25 according to still another
enbodi,ment of the invention, Fig. 20 is a cross-sectional view taken
along a line XX-XX in Fig. 19, Fig. 24 is a plan view of the carrier
used in the sem_conductor wafer thinning process |

15 - accor §edd -gdhesive fypendmn éﬁ%é'gﬁ Fe bese Hdsehfeason, Fig.
22 is a cross-secti.onal view taken along a line. XXIT-XXI'l in Fig. 21,
Fig. 23 shows 16+t he seni conduct or waf er processing procedure

usi ng the 5 carrier qf. Fig._ .21 .Eiag .24 not her. .part .of e
UeeB e bally, A MG, B o

sem conduct or wafer pro rocC carrier o ig. 21

o ot o il Yerkl 3, Epciing 19,88 W Wepeits thdle )
after 5 carrier 1 from the semiconductor wafer 2. Thus, the
semiconductor wafer 2 50 um thick remains stuck to the
dicing tape 4 (Fig. 10). Under this condition, the
semiconductor wafer 2 can be diced into individual
semiconductor chips. After dicing, the semiconductor
10 chip or chips are mounted on an IC card through, for
"~ example, an anisotropically conductive connection film.
According to the semiconductor wafer 2
processing technique of this embodiment, since the
semiconductor wafer 2 is stuck to the carrier 1 to form
15 the wafer composite 10 which is then handled for the
wafer 2 to be thinned, cracks and warps can be prevented
without strict care, and the semiconductor wafer 2 can
be stably thinned up to a very small thickness of, for
example, 50 pm.
20 In addition, since the thinned semiconductor
wafer 2 can be handled as if it were a thick semicon-
ductor wafer before thinning, the semiconductor wafer 2
can be prevented from cracking even without great care,
and thus it is easy to work for thinning.
25 Moreover, since the carrier 1 of the wafer
composite 10 is held at different locations by the
supporting pins 80, the semiconductor wafer 2 can be

prevented from warping due to the stress by the



10 the oper
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the state of
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ation of Fig. 24, Fig. 26 shows another part of t he

r wafer processing procedure using the carrier of Fig. 21
eration of Fig. 25, Fig. 27 shows anot her part of the
r wafer processi ng proc@ﬁbre using the carrier of Fig. 21
he_ operat | of Fhg. 26 ' p o] t he
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' of ;i Shind. FI O 29 (a) illustrates the state of
2%?%%n3%ct%r ll%gwafer_and carrier, Fig. 29 (b) illustrates
20 the spppERéefosSe)i SONEEICERE ¥ahetorddcEdrweferFig. 30

r part of the sem conductor wafer processing procedure

usi ng the carfissd ofhfoggh 2dhaféectide podrob to théibasef 1&| gus@Beskig. 31
f the sem conduct or waf er processi ng procedure according

shows part o

to still 3&nottierowiXg awbpddfictipefaftbteri nwventfon, iksyan8ad, shansbanot her

part of

shows anot heromitrtedfunhitkerhedase adf efixirg operbapen and theé Fig. 32

the procedure after the operation of Fig. 31, Fig. 33

Fig. 34 shows another part of the procedure

10
g
15
20
N/
25

structure of the carrier 1 can be simplified, thus the
semiconductor wafer 2 being thinned at low cost.

By making the base la of an acid-resistant
material, it is possible to repeatedly use the carrier
1, so that the semiconductor wafer 2 can be mass-
produced at low cost.

Fig. 11 is a plan view of the carrier in
another embodiment of the semiconductor wafer thinning
process according to the invention. Fig. 12 is a
cross~-sectional view taken along the line XII-XITI in
Fig. 11.

As illustrated, the carrier 1 according to
this embodiment has the suction pad lb formed in a ring
shape along the outer peripheral edge of the semicori-
ductor wafer.

According to this carrier 1, since the holding
force due to the vacuum of suction pad 1b is exerted
only on the outer periphery of the semiconductor wafer,
not the inner region, it is possible to suppress the
warp in the semiconductor wafer due to the stress on the
inner surface region.

Fig. 13 is a plan view of the carrier used in



16 after the operation of Fig. 33, Fig. 35 shows anot her part of

the procedure after the operation of Fig. 34, Fig. 36 shows anot her
‘part -of the procedure after the ope%ﬁtion of Fig. 35, Fig. 37 shows
anot her part of the 5 procedure after e operation of Fig. 36, Fig. 38

. L of ! ! ! |
i B ng. oF oAl G Glete ot L ehd N EIRARIG e o1
et o Ehimifid Pl ARGINR ¢d Whe invdAKRS, Al ORly 2 141

XXX X- XXX X in FEg. Fig. 40 1s a sect 1 ( of the
carrier usedqd erdisSRIBtional wAWUHREN VB SHg [EH&NM 1 X OEESHV apgor di ng
to still anot her enbodi nent of the invention, Fig. 41 shows part
of the sem caoridpcti®@. waf er processing procedure accord- ing to still

anot her enbodi ment of the invention, Fig. 15 42 shows another part of the
procedur eSfol | ow ng t hethe campesmtl dm athifs gembdddirkengt Hils sdhows anot her
part of the plurality of suction pads 1b provided over all area of

one side of the base la. Therefore, the semiconductor

wafer can be supported at a plurality of locations by

these suction pads 1b.

10 Thus, even if some ones of the plurality of

. suction pads 1b are lost in their suction forces by
deterioration or deformation, it is assured that the
semiconductor wafer can be supported by the remaining
ones 1b.

15 Fig. 15 is a plan view of the carrier used in
still another embodiment of the semiconductor wafer
thinning process according to the invention. Fig. 16 is
a cross-sectional view taken along the line XVI-XVI in
Fig. 15.

20 The carrier 1 in this embodiment has a smaller
diameter than the semiconductor wafer 2 so that the
outer peripheral edge of the semiconductor wafer 2 is
projected from the carrier 1. In other words, the
semiconductor wafer 2 of the wafer composite 10 is

25 overhanged from the carrier 1. 1In order that the
supporting pins can hold the carrier 1 without being in

contact with the overhanged semiconductor wafer 2, pin

contact projections la; slightly protruding outward from



procedure follow ng the operation of Fig. 42, Fig. 44 shows anot her

part of the procedure follow ng the operation of Fig. 43, Fig. 45
shows.anot her part of the 20 procedure follow ng the operation of Fig. 44,
Fig. 46 shows another part of the prdtedure follow ng the

operation of Fjg. 45, Fig. 47 sho anot her part of th .pr.ocedure

fol | owi ng thetbge?SFFSHn CEPY. WakSTFiZgargg formeds gt Lhrge A ESTENTt ( he

d f ol ] h 25 ' f.Fig. .47, Fig. .49 sh h
Part of the  18%lieheccrEirgl FBR Ronena ond: theoreatrregali s &t 5o
Shows another ,Rar ba0l; L0 PLAERIMr 6. Lalkawends' B the REHANGAY OF FIO-

, Fig. 51 shows another part o he

17 prOCeg%ﬁﬁcBﬁthnggwﬁﬁggoPeﬁéhiB@ Q&sgigpgigedFEQ-ti% carrighows

anot her part of the procedure | 'owm ng the peration of Fig. 51, Fig.
53 shows amot heinpathe®f ebBBdimentBl.OCedunadfielibay A ke oFpealdsen of Fig.

52, Fig. 54

possible that even in the overhanging structure, the
semiconductor wafer 2 may be directly supported without
the pin contact projections la; though it depends on the
final thickness of the semiconductor wafer 2.

10 In addition, the base la has a hollow 6 which

s is communicated with a vacuum hole 6a, connected to a

vacuum pump 7 and a circular suction groove (adhesive
member) 11lb for adhering to the semiconductor wafer 2 by
vacuum suction is concentrically formed in the surface

15 of the carrier la so that the center of the groove is
coincident with the center of the base la. The vacuum
hole 6a has a valve 8 mounted. This valve 8 is usually
closed, but when a nozzle 7a of the vacuum pump 7 is
inserted into the valve, the valve 8 is extended to open

20 the vacuum hole 6a. The suction groove 1lb is not
always formed in a concentric circle on the base la, but
may be of an arbitrary shape such as spiral shape.
While the valve 8 is provided at the center of the base
la as illustrated in Fig. 16, it may be mounted on, for

25 example, the outer peripheral side of the base 1la.
Moreover, the valve 8 may be of a complicated mechanical
structure or of a simple elastic type such as rubber.

First, the nozzle 7a is inserted into the



5 shows anot her part of the procedure follow ng the operation of Fig.

53, Fig. 55 is an enlarged: plan view of the chip el ectrode portion of
t he sem conduct or wafer of Fig. 41, Fig. 56 is a cross-sectional view
t aken along a line CJerr]-(err], Fi@? 57 shows the details of Fig.

48, 10 Fig. 58 i [ f the_int | st f th C
card prodhgedvaséﬁwghﬁgg?ég{%SQ%BﬁBOSPEQH?ﬁ@%i&§°§5%&%r%?%§¥§falv aéé
cose"sactl onl v gyt aten abent L € o) L b i g 50 12,0,

enl ar ged cross-seg?lgﬁa _ 1 _
noon For eARrPREoR ! HRnR Rt Rty thROVaktinC g Y. Shen, afterdEST
the inventi onepbhbhb8vacuatdesChkbadaen udetial khW shmiebauRRedt Walfhe

acconpanyi ng drawings. In all the figures useful for the enbodi- 20
ments, |ike ebegait peakecudenky Figedbyot kBesdaBe la, kRBlkene2eaaenHyd s,
and will not be repeatedly descri bed.

withdrawn from the valve. Since the valve 8 opens the
vacuum hole 6a to permit air to flow from the hollow 6
to the outside while the nozzle 7a stays inserted in the
valve, but closes the vacuum hole 6a after the nozzle 7a
10 is withdrawn from the valve, air can be prevented from
W, flowing from the outside into the hollow 6 so that the
semiconductor wafer 2 can be stuck onto the carrier 1,
thus forming the wafer composite 10.
After the wafer composite 10 is completed, the
15 etchant L for thinning is spin-coated on the semicon-
ductor wafer 2 of the wafer composite by the etching
apparatus shown in Fig. 5 as described in the previous
embodiment. Here, while the wafer composite 10 is being
rotated, N, gas, for instance, is continuously blown from
20 Dbelow against the wafer composite. Since the semicon-
ductor wafer 2 is overhanged from the carrier 1 as
describe above, the N, gas is blown against the downward
outer periphery of the main surface of the semiconductor
wafer 2 without being blocked by this carrier 1.
25 After the thinning process is finished, the
wafer composite is attached onto the dicing tape, and
then the vacuum hole is opened so that the pressure in

the hollow & can be restored to the atmospheric



Fig. 1 is a plan view of the carrier used in

t hi nni ng process according to 25 one enbodi nent of the invention, Fig

is a eross-
Fig. 3, Fig.
sem conduct or

sectional view taken along the line Il-11 in Fig. 1,
4 and Figs. 6 to 10 are f1 ovf i agrans of t he

fer_processing.proced Si th arcier. of .Fi
and.Fig. 5 ispgggﬁﬁgﬁﬁtigcgéﬁéfgﬂggf thé gPhggch%PﬁﬁeaﬁﬁaFélugu%gégh?
sem conduct or %@3@% 11 56“%88'BEmEEBﬁﬁﬁétoF_Eafeﬁ 2 is loLRE Gahll er
an plate-Ti ape

depicted in F?gs.

has a e’s in“ordér for the

t he sem conduct or waf er
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n the
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semi conduct or g Y8b@ing the chePouR 1nthi Be 3a889yOkBEarhitadr #8bnt @ne Stuck

and hel d

on the“carrier to formthe wafer CTonposite 10 (as shown

in Fig. 3 andsehbebnfigvbesywaréli 9.carhef!, thiSsbai@Baddut@orovaZelase la

and an el asti

cally flexible suction pad (adhesi ve nenber) | b prov

on one sur¥ acenothéhdibiing tape is diced into individual semicon-
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15
20
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ductor chips.

According to the semiconductor wafer 2
processing technique of this embodiment, since the wafer
composite 10 is formed so that the semiconductor wafer 2
is overhanged from the carrier and since the etchant L
for thinning is spin-coated on the semiconductor wafer
while air is continuously blown from below against the
wafer composite 10, the etchant L can be prevented from
flowing around the peripheral side into the main
surface, even though a large centrifugal force cannot be
achieved because of spin-éoating under a low revolution
rate. Therefore, the circuit elements formed on the
semiconductor wafer 2 can be protected from being
damaged by the etchant.

Moreover, since the semiconductor wafer 2 is
stuck by vacuum suction onto the carrier 1 to form the
wafer composite 10, and since the reduced pressure in
the hollow is restored to the atmospheric pressure after
thinning so that the wafer 2 and the carrier 1 can be
separated, the carrier 1 can be smoothly peeled off.

In addition, since the semiconductor wafer 2
is kept flat along the base la, the wafer 2 can be

suppressed from warp.

i ded



| a. The base la formed in a disk along the shape of the sem conduct or

wafer 2 is made of, for exanple, fluororesin, glass plate or epoxy
resin.which has 15 resistance to acid. The suction pad b to which the
serm conductor wafer 2 is stuck is made of30 for exanple, sof t rubber

having a size enough to_absorb, or, adh t all region

. fre o . suﬁstan iali%
of one surface of the skiri%df-Previougly degoribed that fhe @18BRERENt and
the follow n e Lnents he_ba |l a_gconstitutin he rier 1is
preferably ngoezt%f\e a‘ggngglé??al%'a%a%? n%“‘?ig‘?gt‘éﬁ%’é {)5 %%P%g Eo té‘g{“dggcri bed
above in ord ' a e ' Ln lity by an
etcxanL L (F?%%% ,r%§§f 3 leﬁéa% |t?%ﬁ¥ F% %égglgﬁﬁggi@ %kéeﬂggohdﬁctgr

wafer 2 can £9isheadsevent efefs@tebepagi Phokpnobyrhbemashi 8rehce of
concentrated stress by the supporting pins of” the et chi ng apparatus on

t he suppost edth@csémbESn@bictbe wafersenisopiyet oy safeseduasiyi || be
described later, the
cemented to the carrier 1 without any gap, the etchant L
can be prevented from flowing around the peripheral side
into the main surface. Therefore, as in this embodi-
ment, there is no need to spin-coat the etchant L while
10 air is continuously blown against the wafer composite
- 10. Also, since the thin semiconductor wafer 2 is not
overhanged from the carrier 1, it is easy to handle the
wafer composite 10. Moreover, since the entire main
surface of the semiconductor wafer 2 is covered by the
15 carrier 1 so as to be shielded from the external
atmosphere, the rear surface of the semiconductor wafer
2 can be etched to be thinned by the dipping system in
which the wafer cbmposite 10 itself is dipped in the
etchant L, not by the spinning type etcher.
20 Fig. 17 is a plan view of the carrier used in
still another embodiment of the semiconductor thinning
process according to the invention. Fig. 18 is a
cross-sectional view taken along the line XVIII-XVIII in
Fig. 17.
25 In this embodiment, suction holes 21b are
provided in addition to the suction groove 11b given in
the previous embodiment. In other words, the suction

holes 21b are formed in one surface of the base la at a



19 di anmeter of the base la is designed to be slightly, for

exanpl e, about 10 [err]m Il arger than the sem conductor wafer 2.

The sem conductor wafer 2 stuck on the suction 5 pad Ib is ground to be
thin by the follow ng process 1 First, the rear surface of
t he sem conduc after the conBJetlon of, the(gretrea ment

process up to H@aélléé’tm% ﬁ@)’(’&lﬁlﬁé’lsl &R a5 Hh %%‘Hﬂn icated, wWiidhths or ned
th f Kk e Ts bout
., 1 U i b LI g 0
i medi at e- o lthe! B8 ol ROGRRS 48%° réul?.“?:fi#x@:?‘? 1§, pery
cess. herf, t

w thout this preI|n1nary pr sem con ctor

waf er 2, undegehi@onkncte@Ndalredn 2t Ral sulckdEedy THd %%Q:diﬁ‘ﬁ“ﬂiﬁnﬂ‘ol circuit
elenents is directed to the outside, or opp03|te to the carrier 1, is

pressed agsi nghelrlefoier,l isepakatiosh@df the semidon@iuctorhWaiTex |2 ghtomei ght
I's | oaded uniformy on the
the carrier 1 is made by restoration to atmospheric
pressure.

The semiconductor wafer 2 may be combined with
the carrier 1 to form the wafer composite 10 by the

10 wvacuum suction via a plurality of suction holes 21b thus
\/ formed.

Fig. 19 is a plan view of the carrier used in
still another embodiment of the semiconductor wafer
thinning process according to the invention. Fig. 20 is

15 a cross-sectional view taken along the line XX-XX in
Fig. 19.

In this embodiment, a porous member 31b made
of resin or metal is provided on one side of the base 1la
instead of the suction groove 11b given in the previous

20 embodiment. As illustrated in Fig. 19 at A, the porous
member 31b has a number of small holes 31b; formed, which
are communicated with the wvacuum hole 6a through the
hollow 6 as shown in Fig. 20. The semiconductor wafer 2
is stuck to the carrier 1 by the vacuum suction via the

25 small holes 31b, of the porous disk 31b, and separated
from the carrier by restoration to atmospheric pressure.

Thus, the semiconductor wafer 2 can also be

combined with the carrier 1 to form the wafer composite



entire surface of the sem conductor wafer 2, the suction 20 pad Ibis

el astically deformed so that the volume of the pad cl osed by the wafer
2 is decreased to discharge the internal air. Wien the load is renoved
fromthe wafer 2, the adhesion padlqg intends to be restored by itself

to the origin shape result, the, red ced vol une ands
sonewhat L?gs€5t?yt edY?ﬁ?W%lsgﬁFEﬂ% viact ?rpogoug|§e$$85eﬁi§d from

flowing into the pad byrihe 4816l 2 p1on Fhak b5 DROSCAR-LOL UBLA gANtact

with the pad. Conse- quen ressure-reduced s IS Crea

wi thin the ill another e odlment of the semhcgﬂductorsHSEé n pad 1b,
so that the ma er 2 adheres by suction e carrier Thus, the

waf er CO”DOS'Eﬁiﬂﬁhﬁi proceé@rggéof&lﬂg fo- tiBi kRveRt1BLS eﬂbgd'ﬁﬁnisthe
sem conduct or waf er and carrier 1 constituting the 5 wafer conposite 10
are equal s n 4 herdésélisset ebsaBSdiagram taken along the llne XXIT-XXII
in Fig. 21. Figs. 23 to 28, and Fig. 30 are flow
diagrams of the semiconductor wafer working process
using the carrier shown in Fig. 21. Fig. 29 are
diagrams useful for explaining the sucked state and
10 separated state between the semiconductor wafer and the
~ carrier. In this embodiment, because the adhesion sheet
41b; illustrated in Fig. 22 is transparent, a net
(exfoliation) 41b, is seen through this adhesion sheet
41b,.
15 The adhesion member 41b of the carrier 1 in
this embodiment is formed of the net 41b, having a
plurality of small recesses and its surface flush with
that of the base la, and the adhesion sheet 41Db,
interposed between the net 41b, and the semiconductor
20 wafer 2 (Figs. 23 to 30) so as to stick the wafer 2 to
the base la. The adhesion sheet 41b, is made of a
flexible, surface-smooth material such as a curable
liguid polymer, namely, gelled silicone containing a
curable component. Therefore, when a solid substance
25 having a smooth surface such as the semiconductor wafer
2 is placed on the adhesion sheet 41b,, the entire
surfaces of the wafer 2 and adhesion sheet 41b; are made

in intimate contact with each other and fixed by inter-



depicted in Fig. 4, the wafer 2 may have a snaller di aneter than the

carrier 1 or may have a | arger di aneter than that as described | ater
‘After- the conpletion of wafer conposite ﬁg, a 10 plurality of such wafer
conposites with their wafers 2 up are enclosed in a cassette case 20a

(Fig. 5, an .. carried to the etching.proce Fig. 5
shows the et gfrﬁ%Jga]ap%g %?JU%’I'T orﬂt1 h%iace 9&@#@% %%Fm%lsﬁ’e tﬂ? bﬁ'usee e]t hi ng
apparatus is I ani ng. t [ t e :

Spi nni ng on fﬁgyﬁﬁ$?§dgﬁd?g¥%%£§%ﬁi%%ﬁfu%%o?gﬁg§§r§§?£n ég?@%égké?%hing
appar at us ina%ﬂggﬁoﬁgloader 30 having the cassette case 20a, a working
stage 50 on I ch the wafer conposite 10 being processed is placed,

and an unl oader 20 40 DayhPeugh<RSBEI1£, G35 Eotbied Mrvkingh Bde rpeassed
waf er conposite 10 is enclosed. Also, it has a handler 60 for carrying
t he waf er 5conjos i ¢entidr f rammd t e i®ackemnected 3ot the heaewuki pgmpt when50, and
fromthe working stage 50 to the unl oader 40. The wafer conposite 10
is 25 carri ctheisemicondectosuwdier 2idnddthy carsideunlll ares0.
separated as described later.
The procedure of the semiconductor wafer 2
thinning process using the carrier 1 will be described
10 Dbelow. The procedure in this embodiment is substan-
s tially the same as that in the previous embodiment
mentioned first, and thus like elements will be
described briefly.
First, as illustrated in Fig. 23, the
15 semiconductor wafer 2 thinned to a certain thickness is
pressed against the carrier 1. At this time, since the
presence of looseness due to extension and slack in the
adhesion sheet 41b;, will cause the semiconductor 2 to
vibrate when it is rotated, the adhesion sheet 41b, is
20 required to be completely in contact with the surface of
the base la and net 41b,. When a light weight is loaded
uniformly on the entire surface of the semiconductor
wafer 2, an interfacial force is exerted between the
semiconductor wafer 2 and the adhesion sheet 41b,,
25 causing the semiconductor wafer 2 to stick to the
carrier 1, so that the wafer composite 10 can be formed

(Fig. 24). This wafer composite 10 is loaded in the

etching apparatus shown in Fig. 5, and the etchant L is



Because an inert gas such as N err] gas, or air is blow from bel ow
agai nst the wafer conposite placed on the working stage 50, an air
‘'spout- 70 is provided beneath the 21
wor ki ng stage 50. In addition, supportina4pins 80 are provided to grip

t he waf er co | t f ncat i degr ees
spaced al ong 21 p?e.;ra]tqar]era tq{e rf e és{age 50 cge}%%%%r:ti ng pins
80 can be ﬁvafﬂixatze%@rﬂﬂé‘%éﬁ@r d&n?é a0e wPYeKe SUMR cdductor

shown, and thus the wafer conp03|te O is rotated around Its rotating

axi s by the SR Jih RIPS(BY. 2907 A ereby é&ﬁﬂﬂ{qwcwiﬁe g ghant L
ur

I s dropped on the sem con- ductor wafer 2 is f her prOV|ded above
the working THers! agieehd rinsing and dryindle tandiefe® boupsdsityp pme of the
waf er conposites 10 fromthe cassette case 20a that has been

5 is attached to the dicing tape 4 (Fig. 27), and the

through-hole la, of the base la is connected to the
vacuum pump 7 so that the semiconductor wafer is sucked
by vacuum (Fig. 28). Thus, the semiconductor wafer 2
and adhesion sheet 41b, securely fixed face to face as

10 illustrated in Fig. 29 at (a) are shifted to, as it

o/ were, the point-contact state since the adhesion sheet
41b; is pulled into the small recesses of the net 41b, as
shown in Fig. 29 at (b). After the interfacial force
between both is extremely reduced by this shift, the

15 vcarrier 1 is separated from the semiconductor wafer 2.
Thus, the thinned semiconductor wafer 2 remains stuck to
the dicing tape 4 (Fig. 30). Thereafter, the semicon-
ductor wafer 2 is diced into individual semiconductor
chips.

20 Accordiﬁg to the semiconductor wafer 2
processing technique of this embodiment, since the
pressure in the surroundings of the net 41b, is reduced
after thinning, thus causing the adhesion sheet 41b; to
be pulled into the small recesses of the net 41b, so that

25 the semiconductor wafer 2 and the adhesion sheet 41b, are
brought into the point-contact state under which the
interfacial force is reduced to allow the carrier 1 to

be separated from the semiconductor wafer 2, the carrier



set in the | oader 30 of the etching apparatus, and | oads it on the
wor king stage 50 with its wafer 2 side up. 15 Here, since the handler 60
‘carri.es the wafer conposite 10 with_its rear surface (nanely, base la
side) lifted, such a shock as to océdr when the sen1conductor waf er 2

i d ked t to duct
v or- 2, and @A B AP AR SorERAed 30 At W o SEERH cvent ed
frombeing cragked Aft ‘?{d th sttﬁue t‘{}h’}{“é&m (diictor wafer 2 %P fer

| oadi ng the seniconduc ng sta gas,

for instance f3q$ é¥§8 : agalnst t he wafer
conposite 10, AIS% g:l %erd)mfgj}l aﬁh i rom t he tage 50, and it is gri pped
by the suppor ting 1 RAGEIMEN JiRH athe Wiinfeddtfudtodasatsr 2 being

continuously bl own against the wafer conposite 10, t he wafer conposite
10 is rotgtedadt adwadisL HeAN@PY flaiNalong the base la, it is

22 possible to suppress the warp of the semiconductor wafer
2.

Figs. 31 to 37 are flow diagrams of the

semiconductor wafer thinning process of still another
10 embodiment according to the invention.

" The carrier 1 depicted in Fig. 31 has a
transparent sheet tape 52 attached to the base la with a
transparent adhesive 53. On the surface of the sheet
tape 52, is coated an adhesive of which the adhesion is

15 reduced or lost by irradiating UV (ultraviolet) light 54
(Fig. 36), or a removable UV cure-type adhesive
(adhesive member) 51b. Moreover, the base la is made of
a transparent or semitransparent material through which
UV light 54 can penetrate, such as acrylic acid resin,

20 or a material having transparency.

The procedure of the semiconductor wafer
thinning process using this carrier 1 will be described
below. The procedure of this embodiment is substan-
tially the same as that of the embodiment mentioned

25 first, and thus like elements will be described briefly.

First, the semiconductor wafer 2 thinned to a

certain thickness is pressed against the UV cure-type

adhesive 51b coated surface of the carrier 1 as



a fewtens of turns to several thousand turns, and the etchant L is
dropped fromthe nozzle on the sem con- ductor wafer 2, thus thinning
it as-shown in Fig. 6. For assuring the flatness after etching, it is
.desired 5 that when the etchant L is dPfpped, the nozzle 90 be noved

at a constant, speed u o, the, outer peripheral . edge through the center
of the senic Eﬁaééée+n2Flg' 3%hiI@hgﬂeadlkg%ﬁcﬁebgPﬁeéﬁ %gédﬁﬂzzle and

the wafer is . j ntai ned constant. The etchi speed of .the dropped 10
etchant L |5 SeHERTRLY, 8k pERe FEPELER sprbiag E e RoREeGpabolol OPENE
time is chosep, ¢O-Dg, {00 G¥agRE.t Quéldéggive 51ﬁe£9.”g§eséad%€e£héhat
undesired vibration due to the I gh-speed revolution s prevented from

occurring, rK%emicon&&bM@fewéPéreiPhéﬂﬁsLm&ﬁfﬁénghé“@&?@reﬁcfiﬂgdoﬁonOt to
15 detach the wafer 2 fromthe supporting pinS 80, the rotation

center iss5madehesocaerientl ws hfshe €R8twafeFf compoéiieedbe(F2g. ! B2§ddition,
al t hough the constituents of etchant L to be chosen are dependent on
t he purpose dfhen, tle¢cfer compssilesi 1@dishhbadéd ibi shenbbdhimgt for
apparatus in such a manner that the rear surface of the
semiconductor wafer 2 is placed up, and the semicon-
ductor wafer is thinned by dropping the etchant L on the
10 rear surface of the wafer 2 while it is being spun
o (Figs. 33 and 34). After rinsing and drying, the wafer
composite 10 is attached to the dicing tape 4 (Fig. 35),
and UV light 54 is irradiated on the wafer composite 10
through the base la (Fig. 36). The irradiated UV light
15 54 penetrates the transparent base la, sheet tape 52,
and adhesive 53 and reaches the UV cure-type adhesive
51b. Therefore, adhesion of the UV cure-type adhesive
51b is reduced by the UV light 54. At this time, the
carrier 1 is pulled away from the semiconductor wafer 2,
20 and thus the thinned semiconductor wafer 2 stays stuck
to the dicing tape 4 (Fig. 30). Thereafter, the semi-
conductor wafer 2 is diced into individual semiconductor
chips. In this case, the dicing tape 4 may be made of a
material of which the adhesion can be reduced by the
25 irradiation of UV light. Thus, if UV light is
irradiated on the semiconductor wafer when the
semiconductor chips after dicing are picked up, the

operation is easy.



20 thi nni ng,

the etching rate be selected to be as high as 10

[errfmMmn to 100 [err]mM m n. Moreover, when greater | nportance is

attached to t
steps so that
etching rate
L isamxtur
may be added
23

he fl atness, the etching process may be divided into

t wo

t he second etching st can be perfornmed with a | ower

25 one of etchan

t L. . Wiile in_thi
e of fluorPTFTFH n#?r?%egigﬁigﬂﬂghgtgrpﬁ

nbodgnen t he et chant
9 ﬁﬁo ic acid, it

&épeﬁf#ﬁggﬁha%?&%%eof thiéggxgié?&%eﬁgg Eguoggg%gns_aeect if on.

€ Sem con or wa

as shown in Filg. 7. In this case, the thickness is not limted to
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adieesi wé 30P0used 3890an patthesive for bonding the
semiconductor wafer 2 and the base la, thus reducing its
adhesion so that the carrier 1 can be peeled off from
the semiconductor wafer 2.

In addition, since the adhesion between the
carrier 1 and the semiconductor wafer 2 is reduced by
the irradiation of UV light 54, there is no heat effect
on a member, such as the dicing tape 4, to which the
semiconductor wafer 2 is transferred after thinning, and
thus it is possible to increase the freedom in the
semiconductor production process design.

Moreover, since the thickness of the wafer
composite 10 can be decreased by use of UV cure-type
adhesive 51b, the wafer composite 10 can be handled like
the normal-thickness semiconductor wafer without
particular care to the small ihickness. |

Also, since the semiconductor wafer 2 can
always be kept flat along the base la, it is possible to
suppress the warp of the semiconductor wafer 2.

Pig. 38 is a plan view of the carrier used in
the semiconductor wafer thinning process of still
another embodiment according to the invention. Fig. 39
is a cross-sectional view taken along the line

XXXIX-XXXIX in Fig. 38.
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processing s
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I nni ng process, the wafer conposite 10 is unl oaded from
stage 50 by 10 the handler 60, and carried into the cassette

for unloader that is provided in the unl oader 40. These

teps are perfornmed for each 8 all the wafer conposites 10

tt 20a of th ._loader. 30. After th d
tes are 1HpIGHEGT T ke PRPRAUEEB RS SRR BABEr ¢ he

er conpos S drawn out

ustrated in Fi'g. 8 the rear surface the wafer 2
O dhddier R disihere) e ACSo#Sed Nof Nehe basé& O1W NG OWRL ch

f wafer 2 on tape. The dicing tape 4 used is formed of,
for exanpbe, thdatthesiin ofs Z&EhRIEd (gl kesthydene 1ok epahpatatere ofnyl

pol yester or polyethylene, and an adhesive of acrylic
0°C to 5°C. The base la may be made of PET film of

which the thickness is, for example, 100 pm or 250 um,
or made of, for example, plastic or glass plate other
than PET film. The temperature activation type adhesive
61b used is of the cool-off type in which the peel
strength per 25-mm width is 35 gf to 150 gf at a
temperature of 10°C to 90°C and is reduced to 0 gf at a
temperature of, about 0°C to 5°C. However, another type
may be used in which the temperature activation point is
as high as about 15°C depending on the environment in
which it is used. The temperature activation type
adhesive 61b in this specification is an adhesive of
which the adhesion is reduced or lost by temperature
change, and it includes the cool-off type in which the
adhesion is reduced at a low temperature as in this

embodiment, and a warm-off type of which the adhesion is

~ reduced at a high temperature.

25

In the semiconductor wafer thinning process
using this carrier 1, first, the semiconductor wafer is
attache§ onto the carrier 1 at normal temperature to
form the wafer composite, and the semiconductor wafer is
thinned by the same etching process as in the previous

embodiments. Then, the wafer composite is stuck on the

SEAAS ST TR ARG £ Ol nons ofPIRLE Biemelence 2on,

Then, each wa
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can



pol ymer coated on the base. The base and adhesive may be ot her
materials. The dicing tape nay be of the

24 - self-adhesive type in which the base itself has adhesi on.
After attaching the wafer conposite onto ¥%he dicing tape 4, a peeling
jig 5 1is used to eel off th 5 carrier 1 fromthe seg&ponductor waf er 2.

Thus, -t he digi cBﬁHﬁc?BrtﬁéFth? aghpeivensuRtace, anleresstRc kP t he

Under. t hi s_condi enm _cond ctor waf er

Thu
dleing, Lane 4abh Bt RhroriiREet SRR ELAR, LHE o cer® AREBINNE! g vl o
Sem Conduct or ¢, 00 GBLD: 0 166 P35 01 BRURLAFICRR 3Rl SrGAEh-hBRRYhcr! O

exarrpl e, an anl sotropl cal y con UCt I ve con Ion f

According to EQeaSEQEEJQBQHSEBE ¥BketeR minutBEOSESThAY LRENMaue Of this
enmbodi nent, since th sem conductor wafer 2 is stuck to the carrier 1

to form 5 composite is cooled to, for example, 3°C. Since the

temperature activation type adhesive 61b is of the
cool-off type in which the peel stréngth is reduced to
about 0 gf at a temperature of 0°C to 5°C together with
great reduction of the adhesion, the carrier 1 can be
10 easily peeled off from the semiconductor wafer when the
s wafer composite is cooled to 3°C.

While the temperature activation type adhesive
61b used in this embodiment is of the cool-off type in
which the adhesion is reduced at a low temperature, it

15 may be of the warm-off type in which the adhesion is
reduced at a high temperature within a temperature range
in which the base la and the dicing tape are not
affected by heat. In addition, if the dicing tape is
made of a UV tape of which the adhesion is reduced by

20 the irradiation of UV light, the heat effect can be
completely eliminated.

According to the semiconductor wafer thinning
technique of this embodiment, the peeling-off operation
can be easily performed since the carrier 1 using the

25 temperature activation type adhesive 61b as a bonding
agent is peeled off from the semiconductor wafer when
the adhesion is reduced by temperature change. In

addition, since the carrier 1 can be repeatedly used,



15 the wafer conposite 10 which is then handl ed for the wafer 2 to be
t hi nned, cracks and warps can be prevented W thout strict care, and
the sem conductor wafer 2 can be stably thinned up to a very small

t hi ckness of, for exanpl e, 50 [err]ﬁP 20 In addition

since the thinned,sem conduct or wafer 2 can be handled as if if were a
t hi ck* sem co he q;hl’mfcfd‘?e%?%‘?d‘b%tf%‘? ew‘?#ﬁ]ﬁn?%,b‘? H@%%TFE%&%%‘% Frwafer 2
can be prevent cracki ng even w thout great care, and thus it is
easy to morkqfﬁg(%ﬁﬁg%ing. 25 Mor eover, since the carrier 1 of

v
t he wafer conposi tﬁ&&&,h%ﬁﬁgéiwné%é% @Xn“ﬂ

supporting pins 80, the sem conductor prevented from
war pi ng due tdd1& 15ild as l@iﬂc{]Q?ET film for the base la, it can be 25

supporting pins 80, andthus it can be thinned with goo
5 handled like the normal-thickness semiconductor wafer.
Also, since the cost can be reduced, the carrier 1 is
disposable.

Since the film-shaped base la can be peeled

off from the semiconductor wafer, the separation is
10 easier than a plate-like and solid material. 1In
o addition, a protective tape for BG (back grinding)
before etching for thinning can be used for the base 1la.

Also, since the semiconductor wafer is always
kept flat along the base la, the warp of the semicon-

15 ductor wafer can be suppressed even by the carrier 1 of
this embodiment.

Fig. 40 is a cross-sectional diagram of the
carrier used in the semiconductor wafer thinning process
of still another embodiment according to the invention.

20 The base la of the carrier 1 according to this
embodiment is made of pressed-hard fibrous fluororesin
in place of the PET film described in the above embodi-~
ment. Thus, the bonding agent such as the temperature
activation type adhesive 61b can enter into the gaps of

25 the fluororesin by anchor effect so as to be surely
coated on the base la. The bonding agent, or adhesive
member may be the UV cure-type adhesive 51b mentioned in

the above embodiments.



qual ity finishing. Furthernore, since the sem conductor

wafer is fi xed through the suction pad |b to the base |a, useless 5
throwi ng away of tape after use, for insh nce, can be omtted unlike
the case of fixing on tape, and the ructure of the carrier 1 can be

sinplified, thus the hugfﬁ@fﬁg@h@ﬁgrcgﬁgf%ﬁz%gﬁéggi#Qi$€g€ aL kg&/cost.

By neki ng the base |a of an” acrd-resistan eria S p055|%le to

repeatedly Usge LR SALELEIn navidy £OeédBlod Nr SEL PORHOL OLo RLER 2 can De

mass- produce OW cost . an {i ew of

the carrier ify js pSUWEES €SDOSE NPAL: Ofs tHSn @ LAY COPENES O5udRT 85 Ehinni ng

15 process according to the invention. Fig. 12 is a cross-sectional

view taken algdigpdietirélcactivation ntype adhgsidd.61b that has lowAS
illustrated, the carrier 1 according to - this enbodi nent has the

suction p&d |ddHesived to the ibgse 2Da shape al ong the outer peripheral edge
of the sem con- duct or wafer.

Figs 41 to 54 are flow diagrams of an
embodiment of the IC card production method according to
the invention. Fig. 55 is an enlarged plan view of the
electrode portion of a chip of the semiconductor wafer

10 shown in Fig. 41. Fig. 56 is a cross-sectional diagram

" taken along the line C; to C; in Fig. 55, Fig. 57 shows
the details of Fig. 48, and Fig. 58 is a plan view of
the internal structure of the IC card produced according
to this embodiment. Fig. 59 is a cross-sectional

15 diagram taken along the line C, to C, in Fig. 58, Fig. 60
is an enlarged cross-sectional view of portion A in Figqg.
59, and Fig. 61 is an enlarged cross-sectional view of
portion B in Fig. 60.

In the IC production method of this embodi-

20 ment, first, the semiconductor wafer 2 having circuit
elements built in the main surface, or in which the
so-called wafer process is already completed, is
prepared as illustrated in Fig. 41. Therefore, a
passivation film 2a (Figs. 55 and 56) made of, for

25 example, SijN, film is formed on the main surface to
shield the circuit elements from the external atmosphere

so that the characteristics of the elements can be

stabilized. In the illustrated example, Au (gold) bumps



According to this carrier 1, since the hol ding force due to the vacuum

of suction pad Ib is exerted only on the outer periphery of the

sem conductor wafer, 25 not the inner region, it is possible to suppress
t he warp in the sem conductor wafer e to the stress on the

I nner surface re 13 | Ian view of the carrier

used in glonformed on the chigiglectrogﬁﬁ £Qr; eRauRLCher
embodi ment of i%ﬁ%é@%kEOQdﬂfégln % vacu tgvgféggtféﬁcesﬁl%cgﬁrding tp

the invention, ay-tad aken—aroAg the line

XIV-XI'V in con{1ty %% 101;'8Fl%éd l%nghgocéﬁé'Sﬁ & E &hbﬁbgg?QQEnEnt

has a | ura suct i provi ded over ar ea

si de of the bege | ﬁl?Th§Be$ﬂaeotﬁé§s§eﬁhfeﬂd#§19rbe des&@iﬁédcﬁatéﬁ
supported at a plurality of |ocations

5 are electrically connected through the Au bumps 2b to

ne

the chips. 1In this case, the chip electrodes may be
connected to the wiring conductors by wire bonding
instead of the bumps. In addition, bumps made of other
metal, such as Pb (phosphorus)/Sn (tin) bumps may be

10 formed on the chip electrodes.

\/ Fig. 55 shows the chip electrode of the
semiconductor wafer 2. As illustrated, the passivation
film 2a is deposited around the Au bump 2b on the chip.
As shown in Fig. 56, or in the cross-sectional diagram

15 taken along the line C,-C, in Fig. 55, the passivation
film 2a protecting the element region A is formed of two
layers: an inorganic passivation film 2a; as an under-
layer and an organic passivation film 2a, as an upper
layer. The inorganic passivation film 2a, is made of,

20 for éxample, 1.2 pm-thick SiN (silicon nitride) and 0.6
pm-thick Si0, (silicon oxide), and the organic passiva-
tion film 2a, is made of, for example, 2.3 um-thick
polyimide. On the element region A are formed, for
example, an Al electrode conductor 2c¢c of 0.8 pum-

25 thickness, and an underbump metal 2d on the conductor
2c. The Au bump 2b of, for example, 20 um-height is
formed on this underbump metal 2d as a plated electrode.

In this embodiment, the underbump metal 2d is made of Ti



t hese suction pads Ib. 10 Thus, even if some ones of the
plurality of suction pads Ib are lost in their suction forces by
"deterioration or deformation, it is assu&gd t hat the sem conduct or
waf er can be supported by the remaining ones I b. 15 Fi g.
15 is a plan,yi f carri.er [ .. Stil.l anot her..enmhodi mnent of
the sem condlssétlg\lgn%aufnépgd Etpag‘ﬁflﬁiﬁ‘?]%g Sr%gcelélgrggg&lngi nq.'glet gﬁ%?esﬁoﬁ\/ent I on.
Fig. 16 is =5eqt:i s Wi | ong 4t hje - in
Fg 15, pond ToF AStaliEreMiio BRI, e Hay Hiirdde BY |

di ameter thagthBe @¥kIQNFeet ekaw@fier, &i@o(khﬁhnﬁmﬁ-tungé¥éh%ﬁ R i phera
edge of the sem conductor wafer 27is projected fromthe ‘carrier 1. In

ot her words, (theomium)sew Canqeopperwafer 2 of the wafer conposite 10 is
25 overhanged fromthe carrier 1. In order that the supporting pins
can hold %he carrier 1Thenhoas ishowgy im Fig. dént actswmifialvet-he over hanged
sem conduct or wafer 2, pin contact projections laferr] slightly
protrudi ng opregegtivenresist 111 is coated on the main surface of
the semiconductor wafer 2, and heated. In addition, as
shown in Fig. 43, a BG tape 112 for rear surface grind-
ing is attached on the main surface of the semiconductor
10 wafer 2, and the rear side of the semiconductor wafer
~ of, for exampie, 550 um thickness is ground to a
thickness of, for example, 150 um as shown in Fig. 44.
Since the resist 111 is coated on the main surface of
the wafer, the surface of the semiconductor wafer 2 can
15 be protected from contamination by dust in the BG
process.
After the semiconductor wafer 2 is thinned by
the BG process, the BG tape 112 is peeled off as shown
in Fig. 45, and then the resist 111 is removed as shown
20 in Fig. 46.
The carrier 1 is prepared which has the base
made of, for example, 250 um-thick PET film and a normal
adhesive (namely, not of the temperature activation
type) coated on the base. Then, as shown in Fig. 47,
25 +the semiconductor wafer 2 with its rear side up is
attached onto the carrier 1 to form the wafer composite

10. The carrier 1 may be of other types used in the

above embodiments.



27 the sem conductor wafer 2 are fornmed at three different

| ocations facing the pins along the peripheral edge of the carrier.

‘Such-a structure as in the overhanged sem conductor wafer 2 can be

also applied to the carrier 5 1 in oth#% enbodinents. In addition, it is

of course possi bl e that even_in_the overhanging structure, the
G’rft%aﬂ%ﬁi

sem conduct or wafer 2 H&FSme ther &&dknEssH ive of ghe jin
contact projections la, thou it pends t final thickness of
the seni cond&gf&"e\ﬁagler"szequ%g to 45 ?’elg?‘ﬁ: é’%gitﬂeorﬁu R 2Ry | has a
hol | ow 6 whi \ PO C d w .V 0 ct to a
vacuum punp laaﬁa"a g?‘rec%l%l ar §u%§‘%oﬁwg%%§\%§ %%erﬁ%\cﬂe%nq%’ 0%’9 :er) 1b for
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center ofsth@age@O¥@riface 20 um lower than the Au bump 2b. Thus,
all the carrier 1 is made in intimate contact with the
semiconductor wafer 2 so that both can be prevented from
being peeled off from each other. Since the adhesive
adheres to the wafer surface even though its thickness
10 exceeds the height of the Au bump 2b, the thickness of
N the adhesive may be larger than the height of the Au
bump 2b (namely, egual to or larger than the height of
the Au bump 2b).
If the wafer composite 10 is formed, the
15 etchant L is dropped on the rear surface of the
semiconductor wafer of the wafer composite with its
wafer side up, and thinning it by spin etching to a
thickness of, for example, 50 um. Here, if the carrier
were not attached to the semiconductor wafer, the
20 semiconductor wafer would be warped when it is thinned
to such a level because the rigidity of the semicon-
ductor wafer 2 is reduced so that the residual stress in
the passivation film 2a is released. Particularly when
the compressing stress in SiN of inorganic passivation
25 film 2a, and the tension stress involved with the curing
contraction of polyimide of organic passivation film 2a,
are released, the surface of the semiconductor wafer 2

would be warped to have irregularity. Thus, If the



coincident with the center of the base |a. The vacuum hol e 6a has a

val ve 8 nounted. This valve 8 is usually cl osed, but when a nozzle 7a
"of the vacuum punp 7 is i nserted |r2ﬁlthe valve, the valve 8 is
extended to open 20 the vacuum hol e 6a."“The suction groove 11b is not

al ways for”egeﬁiﬂcénﬁﬁﬂ%gt &E‘EFE' ?CEQ Qlﬂukﬂeﬁﬁaiﬁet %gr\%‘i%r 1 toEbAe Of an

arbitrary shape suc al've™8 I's provi ded at

the center o£héhﬁaéa§ecomgoshaea§ol bbUshr 8hed ERpBEImeh?, tthemxs@e mount ed
on, for 25 exanple uter peripheral side of the base :

Moreover, theoustyeuBifngythe ehrzieeml k‘éﬂh@drﬁ‘é@h%ﬂécQbma.cond%fcl‘t'dﬁ't ure or

of a S|nple el astic type such as rubber. First, the nozzle
7a is insertedfent @ tbecompensate for the reduction of rlgldlty28and
vacuum hol e 6a to open the valve 8 of the carrier 1, and the wafer 2

i s attacHed snppreheebatbel zehbabe vfiethe stiressoWn6the paasiaaedony t he
vacuum punp 7. Then, after

film 2a, with the result that the thinned semiconductor
wafer 2 is never warped. In this embodiment, as
illustrated in Fig. 48, the diameter of the §emicon-
ductor wafer 2 is larger than that of the carrier 1 so

10 that the semiconductor wafer 2 overhangs from the

Y, carrier 1. Thus, in order that the etchant L can be

prevented from flowing around onto the main surface upon
etching, N, gas (nitrogen gas) G, for instance, is blown
against the lower side of the wafer composite 10.

15 For spin etching, an etcher 113 of, for
example, pinless chuck type is used as illustrated in
Fig. 57. Here, suction grooves 113a, to be evacuated are
formed in the surface of a working stage 113a at a
plurality of locations. The suction grooves 113a, are

20 communicated with an evacuation groove 113b;, of an
evacuation tube 113b connected to a vacuum pump. Since
the suction grooves 113a, are evacuated through the
evacuation groove 113b,, the semiconductor wafer 2 is
sucked and fixed to the working stage 113a. Therefore,

25 although the semiconductor wafer 2 overhangs from the
working stage 113a, it is not necessary to support its
periphery by supporting pins. Thus, the etchant L can

be properly dropped on right place without staying at



enough evacuation is nade until the sem conductor wafer 5 2 can be

securely fixed to the base la, the nozzle 7a is w t hdrawn fromthe
‘'val ve. Since the valve 8 opens the vgcuun1ho|e 6a to permt air to
flow fromthe hollow 6 to the outsi 8 while the nozzle 7a st ays

inserted in the val v. hut C|Q§§5 t he vacuum
i

782071 s wi CHOISERP T o JIRA AT O, TRl B UG Y rorr oot ot ng
fromthe out /e ddid ' M | erited Plon Mocal1y SCALGLOEUS ' OR ¢RLCT 2

can be stuck © carrier thus Torm ng wa onposi te 10.

After the wafghncQIRAsds: Ahisr ORISR &hechilfy, 15 etchant L for thinning

IS spin-coated on the sem con- ductor wafer 2 of the wafer conposite
by the etching apsirde! Stifd OFbwind- dirodnd Sp£SISTem Pegl et he previ ous

enbodi nent. Here, while the wafer conposite 10 is being rot at ed,
N err] gas, fetchais anasentsomstabuiaeistan beoveoIveadn b Osbedboylpgai nst the
waf er conposite. Since the sem con- ductor wafer 2 is overhanged from
the carrier krabining ddszrsdelahoisstoherdleygaz amd btloancargeiest 1t be
downwar d be in intimate contact with each other, the diameter of

the semiconductor wafer 2 may be made smaller than that

of the carrier 1. In that case, the N, gas G is not

10 necessary to be blown against the wafer composite 10,

o and also other etching system such as dipping system as
described above can be employed for thinning the
semiconductor wafer 2.

After the semiconductor wafer 2 is thinned to
15 a thickness of about 50 pum, the wafer composite 10 is
attached to the dicing tape 4 with its semiconductor
wafer 2 side up as shown in Fig. 49. Then, as
illustrated in Fig. 50, the lower surface of the tape is
fixed to a vacuum suction table 114, and the carrier 1
20 is peeled off from the semiconductor wafer 2 by peeling.
Thereafter, as shown in Fig. 51, the semi-
conductor wafer 2 is divided into individual semicon-
ductor chips P by, for example, full cutting. As shown
in Fig. 52, UV light 54 is then irradiated on the UV
25 adhesive of the dicing tape 4, thus reducing or loosing
or losing the adhesion between the dicing tape 4 and the

semiconductor wafexr 2.

As illustrated in Fig. 53, the card substrate



outer periphery of the main surface of the sem conductor waf er 2

wi t hout being blocked by this carrier 1. 25 After the th
process is finished, the waf er conposite is attached onto the di
tape, and then the vacuum hole is oﬂéned so that the pressure in

the hollow 6 ¢
29 - pres

n be restored to the at heric

ke i&&h ARRYS, tl%‘hes%r&ﬁ? u‘FB?EeCIEﬂ'Pt?]e aedt Ho4

11b to the seni conduct or waf.er is | ost hus allo car
3% 489 bk S8R

to be easily

sem conduct Ortié%rg{fe Cﬂrs:“t&ﬁl 3o il ”Qafé‘p;ﬁ\lﬁétgéﬁéd bft ¢! def{ig“a'

sem con-
waf er 2
conposite 10

TEPpar e ‘f%rﬁl?’r% Is KEATRLRIREY LRSS 1TeR

ccor € Sem condu

l‘%ﬁ?ﬁﬁ?g é&@ﬂ% WeeRf i &%@%ﬁf@&llﬁ' E‘Gﬁdﬁ@&%@f er

is forned so that the sem conductor™ waf er I's over

from the sarrddiediie S116 héivey eitt@toded therebetween. In the

10
s/
15
20
N
25

direct transfer system, the card substrate is stuck up
from below by a sticking-up pin 114. Then, as shown in
Fig. 54, the chip P is fully bonded to the card
substrate by a bonding tool 118 with the lower side
being supported by a pedestal 117. In this bonding
process, the semiconductor chip is heated and pressed
against the card substrate.

Fig. 58 illustrates a IC card 100 formed by
the card substrate 101 with the semiconductor chips P
thus mounted. The IC card 100 is a wireless type IC
card assembled by laminate system. The IC card has its
card substrate 101 surrounded by a printed coil 101b
which is formed in a ring shape along the periphery of
the IC substrate and which serves as an antenna for
receiving an external signal and transmitting an
internal signal. The IC card has alsoc a wiring
conductor 10la formed extending from the printed coil
101b. The wiring conductor 10la connects the printed
coil 101b and the semiconductor chips P, so that signals
are transmitted and received between the semiconductor
chips P having various functions and the external.

The members of the IC card 100 are laminated

with an adhesive as shown in Fig. 59. In other words, a

nni ng
ci ng

groove
i er

ctor

hanged



for thinning is spin-coated on the sem conductor wafer while air is

conti nuously blown from bel ow agai nst the waf er conposite 10, the
‘etchant L can be prevented from flom%ng around the peripheral side
into the main surface, even though 4 | arge centrifugal force cannot be

olutlon . r,at e.

hi db f d
Therefore, ( RER e%ant SRS e By itk Tt adhring, O “arer o

can be prote [ t
Mor eoveP %ce 5 gorsgec}r%q‘coqg)c}udt WL%%Q%QW%%% ré{dey vacuum sucti on
onto the car %le?dlc%ntd?xétgzmémﬁ:s P is'diadd U Ihcand sifice the

reduced pressure in low is restored to the atmpspheric pressure
after t Rihip-rpuiddd aidd @iy chrhdddifld 1101 ,l ganche e
separated, the carrier 1 can be snmoothly peel ed off. In

addi ti on, 5si spacere 192mico fushowivdf athe? semicamideapir fdlaitpsalbng Ihe base

la, the wafer 2 can be suppressed from warp.
addition, a thickness correcting sheet 103 is attached

to the spacer 102 so as to adjust thickness to bring the
semiconductor chips P such as IC chips and capacitor
chips to the bending neutral point of the IC card 100
10 (the bending neutral point is the center of the
N~ . thickness of the IC card 100 if the members of both
sides of the semiconductor chip P are all equal). Wwhen
the IC card 100 is bent, the compressing force and
tension exerted on the semiconductor chips P can be
15 relieved by this thickness correcting sheet. Moreover,
decorated exterior plates 104a, 104b that serve as the
front and rear surfaces of the IC card 160 are respec-
tively bonded on both sides of the laminate of card
substrate 101, spacer 102 and thickness correcting sheet
20 103. 1In this embodiment, the card substrate 101,
thickness correcting sheet 103 and decorated exterior
plates 104a, 104b are made of PFT.
Fig. 60 is an enlarged view of portion A of
Fig. 59. In the chip-mounted region of the IC card 100,
25 the Au bumps 2b are electrically connected to the wiring
conductor 10la through the anisotropically conductive
adhesive 116 and by its adhesion so that the semicon-

ductors P are mounted on the card substrate 101. Also,



30 It was previously described that the dianeter of the

wafer 2 may be smaller than or equal to that of the carrier 1 as is
contraary to this enbodinent. In thiagcase, i f the outer periphery of
the main surface of 5 the sem conductor“wafer 2 is tightly and securely

cemented to the GRldielesk Ud e%tﬂgli’. Lt 63 oL EBMlada to %ﬁé‘“cé’;?d
prevented fromtl oW ng aroun he pet i pheral™ side Into the nmain

surface. Therkhiaas 1gh tvfﬁetﬁu YW Upacer 16@%@&@5&& Sti@rgeed to

spi n-coat the etchant L whi 10 air is continuously bl own against the
waf er conposidetween. 1Gid\ BA iH NG diEardid) SRSy CONPSERIoNahesf 2 | s not
overhanged fromthe carrier 1, it is easy to handle the waf er

conposi te 10.FiMor egpver , Tisd e ddter@piicd ¥l yedonduct ivelrddites Die thes is

sem conductor wafer 2 is covered by the 15 <carrier 1 so as to be shiel ded
fromthe Bxtdormed by &t rsBipdesines 116 ragal candarkivé pdmet sebes ohtlést or

waf er 2 can be etched to be thinned by the dipping systemin
each of which is formed of, for example, a plastic ball

of about 5 pm-diameter with an Au coating. Part of the
conductive particles 116a of the anisotropically
conductive adhesive 116 is crushed between the Au bump
10 2b and the wiring conductor 10la. Thus, the Au bump 2b
~ and the wiring conductor 10la can be electrically
connected through the crushed conductive particles llé6a.

According to the IC card 100 production method
of this embodiment, since the carrier 1 and the semicon-

15 ductor wafer 2 are combined into the wafer composite 10
of which the semiconductor wafer 2 is then thinned to a
thickness of, for example, 50 um without any crack and
warp and diced into semiconductor chips P which are used
in the assembly process for the IC card 100, the IC card

20 100 can be made thinner.

The present invention is not limited by the
specific embodiments previously mentioned in detail, but
is capable of various changes and modifications without
departing the scope of the invention.

25 For example, the base la may be molded out of
fluororesin, glass plate or epoxy resin, and the suction
pad 1b may be a liguid such as water. In this case, the

interfacial force is exerted between the semiconductor



whi ch the wafer conposite 10 itself is dipped in the etchant L, not by

the spinning type etcher. 20 Fig. 17 is a plan view of the
carrier used in still anot her enbodi risent of the sem conductor thinning
process accordi ng to the invention. Fig.2¥8 is a cross-sectional view

t aken al ong In this

enbodi nent vf?g‘?%n h%(}v 25 thl’%?l%lfa SO p‘l-’tbﬁga% t}ll H“%WT?JO% ?%nt%% suction
groove 11b g'xﬁﬁ{hé&‘ t%getﬁé}f pér?d"ﬂ?%fd@?%ﬁé@el'&%téﬁse %df’ﬂ:&‘ﬁ

sucti on are tormed T'n one sur a at a

31 Pl ur alid Yseils dSHRAIBES eSS 3 0 PP LUBRHE Gl ﬂ%t&t)éffed to

vacuum hol e 6a through which the holl ow 6 i s connected 0 the vacuum
punp as does HH¥ Wwdikdrt b ,%&g)l\/@é,llb The sen conductor wafer 2 is

sucked by the vacuum punp
5 INDUSTRIAL APPLICABILITY
The semiconductor wafer processing technique
of the invention is useful for the application to the
semiconductor chips incorporated in ultra-thin type

electronic devices such as IC cards.



5 Therefore, separation of the sem conductor wafer 2 fr

1 is nmade by restoration to atnospheric pressure Omllllnnlnt“ﬂ”ﬂmm
‘sem conductor wafer 2 may be conbined with the carrier ftor fn t he
waf er conposite 10 by the 10 vacuum suc?ton via a plurallty of suction

hol es 21b thus f or med. % . 19 is a plan view of the
carrfer used in still anot her enﬁg%%ﬂﬁ t of the sem conductor wafer

t hi nni ng progess accorgkngﬁ?ghﬁﬁc%3¥e@5¥33k95§%es%9nb5mf&i

cross-sectional view taken a the

In this enmbodppprlisidgRor ous nenber 31b nade resin or netal I S
provi ded on one”side of the base la I nst ead of t he suction groove 11b
given in the previous a2@jegBoditepnof Preparinly at ¢datefiike Laradticks the
por ous menber 31b has a nunber of small holes 31b[err] fornmed, which
are conmfi csbenedi bl hhbasacandlhﬁladﬁasuheomghbb&eprov1d@aIonNdheas shown
in Fig. 20. The sem conductor wafer 2 Is stuck to the carrier 1 by the

vacuum suct i snrfaget h said base;

a second step of bonding a semiconductor wafer
to said carrier in such a manner that a rear surface of
said wafer with no circuit elements formed therein is

10 opposite to said carrier to form a wafer composite; and

o a third step of holding said wafer composite
with said semiconductor wafer up and spin-coating an
etchant on the rear surface of said semiconductor wafer
thereby to thin said semiconductor wafer.

15 2, A semiconductor wafer processing method
according to claim 1, wherein the diameter of said
semiconductor wafer is larger than that of said carrier
so that all the periphery of said semiconductor
overhangs from said carrier in said wafer composite, and

20 said semiconductor thinning process at the third step is
performed while gas is continuously blown from below
against said wafer composite.

3. A semiconductor wafer processing method
according to claim 1, wherein the diameter of said

25 semiconductor wafer is equal to or smaller than that of
said carrier so that the periphery of said semiconductor
wafer does not overhang from said carrier in said wafer

composite.



25 smal|l holes 31b[err] of the porous disk 31b, and separ Iﬂ' “ "e
carrier by restoration to atnospheric pressure. ﬂl II"HI‘I" mul
senm conductor wafer 2 can al so be conblned with the carrtert 1" osfofm
t he wafer conposite 32 10 by

t he vacuum suction via the porou g. 21 is a
pl an vi ew of %he carri &t ﬁf’s"g’uc‘?#u‘:tor s“f‘?‘%?r mws%dﬂ?mﬂg of the

duct f to th ti . Fi
AR e e T
Fig. 21. Figs. 23 to 2%( f’él%ﬁ{ %te? c?f%cﬁ:{cﬁ%gg '&‘Qéfﬂ& eé{‘eth%l ..

sem conduct or waf er worKki Nng proces usi n e carrier own 1 n

21. Fig. 29 ¥finned rHA'ABrdtseiot d01a Ashbbondctde ﬁé'fi‘fdoftééfdand
10 separated state between the sem conductor wafer and the carrier.

In this epbodiafriy cdigsorite ifvoashnsd ot séerd third process, and

peeling off said carrier from said wafer composite; and

a fifth step of dicing said semiconductor

wafer on said dicing sheet into individual semiconductor

chips.
10 5. A semiconductor wafer processing method
N comprisings

a first step of preparing a semiconductor
wafer with a passivation film formed on its main surface
in which circuit elements are built up;

15 a second step of préparing a plate-like or
film-like carrier formed of a base and an adhesive
member provided on one surface of said base;

a third step of bonding said semiconductor
wafer to said carrier in such a manner that a rear

20 surface of the wafer with no circuit elements formed
therein is opposite to said carrier to form a wafer
composite; and

a fourth step of holding said wafer composite
with said semiconductor wafer up and spin-coating an

25 etchant on the rear side of said semiconductor wafer
thereby to thin said semiconductor wafer.

6. A semiconductor wafer processing method

according to claim 5, further comprising:



a curable
curabl e conponent. Therefore, when a solid substance 25  having a snooth

surface such mslitey el ity Ve@f efrom said ivaPéAceshpesibe; ashdsi on

wa fdr¥ Wl g W pridBied el 4818 Stdurones€optandi Ng a

41b[err] illustrated in Fig. 22 is transparent, a net H“u
41b2 is seen through this adhesion sheet 41bl[err]. Mllm“m"m”mr 1
‘adhesi on nmenber 41b of the carrier 1 in this enbodi neft fs Forhed of
the net 41b2 having a plurality of 3l | recesses and its surface
flush with that of_t S , sl on. t e

I nt erposed between the aneéﬁﬁ}?fetaérﬁ ?‘ﬁyos%%%é%ﬂpd‘ﬁc o‘?lé ?/\g%ée)é éﬂ(‘Fi gs.
23 to 30) so0 i35 t,] t r : DaSeo hgst @n
sheet 4lb[err |1§s&r£dée§é(§ ge;?ﬁ’}?ééafcfgexglagjfde,sesntljir ace-sm%taﬂa%?e??afégﬂch as

sheet 41b[err], the entire surfaces of the wafer 2 and adhesi on sheet
41b[err] are made a redxith rettap cohtdicting t$adcdeni tendeetori xed by
I nter-

10

15

20

25

wafer on said dicing sheet into individual semiconductor
chips.
7. An IC card producing method comprising:

a first step of preparing a plate-like carrier
formed of a base and an adhesive member provided on one
surface of said base;

a second step of bonding a semiconductor wafer
to said carrier in such a manner that a rear surface of
said wafer with no circuit elements formed therein is
opposite to said carrier to form a wafer composite;

a third step of holding said wafer composite -
with said semiconductor wafer up and spin-coating an
etchant on the rear surface of said semiconductor wafer
thereby to thin said semiconductor wafer.

a fourth step of bonding to a dicing sheet the
thinned rear surface of said semiconductor wafer of said
wafer composite processed at said third process and
peeling off said carrier from said wafer composite;

a fifth step of dicing said semiconductor
wafer on said dicing sheet into individual semiconductor
chips;

a sixth step of reducing the adhesion of said

dicing sheet;



33 facial adhesion. In place of the net 4lb[err], tgiwﬂ“unullﬂ[‘“w

have an irregular surface fornmed as an exfoliative
‘A through-hole laferr] is formed in the base |a at 5its center, and it

I's connected to the vacuum punp when 54t he seniconductor wafer 2 and the
carrier 1 are separ at ed descri bed | ater. The,
procedure of the seni c@mﬁ?é’teé‘r% %ﬁp ?fe mounting e o NES F Rftthe

carrier 1 w lslenﬁ%ﬁgxgﬁ%{#o%e]g:hsi;%e o%elafhﬁrdr%ﬁt%rt%et%ura% ié1 ér#;kl X enbodi nment

I S subst an- as e previous e ment

ment L oned T kb t3R NURLIIdP o YT M2 dnO%hip-ndiffdiped brietly.

First, as illustr In FIg. sem coriduct or water 2 thinned to
a certain thiea®ssnss and Pressed against the carrier 1. At this ting,
since the presence of | ooseness due to extension and slack in the
adhesi on 5heet 41Db[ er r anMdilghtai st dph & 1S ol Gin 2¢ card by

using said IC substrate with said semiconductor chip or
chips mounted.
8. An IC card producing method comprising:

a first step of preparing a semiconductor

10 wafer with a passivation film formed on its main surface

N in which circuit elements are built up;

a second step of preparing a plate-like
carrier formed of a base and an adhesive member provided
on one surface of said base;

15 a third step of bonding a semiconductor wafer
to said carrier in such a manner that a rear surface of
said wafer with no circuit elements formed therein is
opposite to said carrier to form a wafer composite;

a fourth step of holding said wafer composite

20 with said semiconductor wafer up and spin-coating an
etchant on the rear surface of said semiconductor wafer
thereby to thin said semiconductor wafer;

a fifth step of bonding to a dicing sheet the
thinned rear surface of said semiconductor wafer of said

25 wafer composite processed at said fourth step and
peeling off said carrier from said wafer composite;

a sixth step of dicing said semiconductor

wafer on said dicing sheet into individual semiconductor



vibrate when it is rotated, the adhesion sheet 4lb[err] is ' ﬁﬁl&
be conpletely in contact with the surface of t he base mﬁmmmmn l“‘
‘When-a |ight weight is | oaded uniformy on the entire sarféace-of"thHe *
sem conduct or wafer 2, an interfaci &P force is exerted between the

sem conductor wafer 2 and the adhesion sheet 41b[err], 25 causing the
semi conduct oFM@8r 2 to stick to the carrier 1, so that the wafer

ite 10 be f d Fi g. . Thi f i t 0 i
Coated in the et ol PSR GUP dogedirmg T SRR Sthant L s
34 spi n-£qYy %&qlélg;qﬁeﬁﬁr surface of the sem conduct or waf er 2

of the wafer conmposite . t he sem conduct or waf er side up (Fig.
25), thereby thinning idyp (dEightr’Brep of mMEbimf tSHe 'dPies e Uy ng,

the wafer conposite 10 5 1Is attached to the dicing tape 4 (Fig. 27), and
t he s hr eeglidwicickaledHigy driha hasal |substearnect ed dwiphe
mounting location or at different chip-mounting
locations; and
a ninth step of producing an IC card by using
said IC substrate with said semiconductor chip or chips

10 mounted.

N 9. An IC card producing method according to claim
7, wherein said semiconductor wafer has bumps formed at
the chip electrodes, and the thickness of said adhesive
member provided on said base is equal to or larger than

15 the height of said bumps.

10. An IC card producing method according to claim
7, wherein at said seventh step said semiconductor chip
or chips are directly mounted on said card substrate
from said dicing sheet.

20 11. A carrier employed in the semiconductor wafer
processing method of claim 1, wherein said adhesive
member comprises an elastically flexible suction pad for
sucking said semiconductor wafer by vacuum.

12. A carrier according to claim 11, wherein said

25 suction pad has a size enough to suck substantially all
region of one side of said semiconductor wafer.

13. A carrier according to claim 11, wherein said

suction pad is formed in a ring shape along the outer



(Fig 28). Thus, the sem conductor waier 2 -  and adnesi Jﬂlﬂﬂﬂﬂﬂ"ﬂ]ﬁl{lﬂlﬂl

securely fixed face to face as 10 illustrated in Fig. 29 Lar®
shifted to, as it were, the point- céﬁ&act state since the adheS|on
sheet 41Q%§;%% Iled nt o, the sng recesses of the net 41b2 as
showt in Fig.P A??é? PHRLCARAREERT a¥afBF ce bet ween both is

Sutrerely © Sagpsa by, thscsp#%ar L080rdPagCETLELIA 1S SERALELRDSLEGM t he

semnm conduct or mafer sem con or Wa remai ns

stuck to 2 2 %ﬁcgﬂg &@ﬁﬁrxség'%ugfgial rSEfESEtLBHepéﬁg‘BQQr 20

duct or wafer i nto I ndl Vi sem conduct or

According to dhp | 6ONGHCHRE ¥BELECcE of saPBOBSSS], Ngot BEREI QHQdOf this
enbodi nent, since the pressure in the surroundlngs of the net 41b2 is

reduced 5 @dhbfondbEbAowatfdtiScanuse Nguppérddiebyyosastesticgibherr] to
be pulled into the small recesses of the net 41b2 so that 25 the
sem conduct orpas eat 2a gpltiutabi tylhefi dhf faeent 41bfetipnar e
15. A carrier employed in the semiconductor wafer
processing method of claim 1, wherein said adhesive
member comprises a suction groove that is formed in said

10 base to be communicated with a vacuum hole connected to

N a vacuum pump so that said semiconductor wafer can be
sucked by negative pressure and peeled off from said
carrier by restoring said groove to atmospheric
pressure.

15 16. A carrier employed in the semiconductor wafer
processing method of claim 1, said adhesive member
comprises suction holes that are provided in one surface
of said base at a plurality of locations to be
communicated with a vacuum hole connected to a vacuum

20 pump so that said semiconductor wafer can be sucked by
evacuating said suction holes and peeled off from said
carrier by restoring said suction holes to atmospheric
pressure.

17. A carrier employed in the semiconductor wafer

25 processing method of claim 1, wherein said adhesive
member comprises a porous member that has a great number
of small holes and is provided on one surface of said

base for its small holes to be communicated with a



brought into the point-contact state under which the Lﬂnﬁ“ﬂu I e
is reduced to allow the carrier 1 to be separated fr le'!HIILIle!H
'sem conductor wafer 2, the carrier o 35

1 can be nore easily peeled off from t he Xdeni conduct or waf er 2, and
t hus the thlrbggg&ﬁqggfctor wafer .2 can ed wi,th high

b -
productivity. e conn?%t%%d??i%h?gg?ﬁ%epﬁﬁésggLﬁggﬁdﬁéfgr wafer 2
5 can al ways é’&n%@ag@d% r%&f‘&réﬁ%ggé\i%l}@r:eatbysyacua%ﬁ&'Qéfdto Fi gs

suppress the warp of € Sem con _ o
31 to 37 are oM NGHELBnd®f pddifed of £ SERLROPANGT Q4 ¥0ELT b NI NNi NG process
of still another 10 enbodi nent according to the invention.

The carrier Iréepoeing sdidi $maBl Hobed to athoSPheAienpressetet ape 52
attached to the base la with a transparent adhesive 53. On the surface
of the shé&et 18. A carrier employed in the semiconductor wafer

processing method of claim 1, whérein said adhesive
member includes an exfoliation portion coplanar with
said base to form a plurality of recesses and includes
gelled silicone located between said exfoliation portion

10 and said semiconductor wafer so as to make said semicon-

o ductor wafer adhere to said base, whereby when the
surroundings of said exfoliation portion are evacuated,
said silicone is sunk into said recesses so that the
carrier is peeled off from the semiconductor wafer.

15 19. A carrier employed in the semiconductor wafer
processing method of claim 18, wherein said exfoliation
portion is a net or an irregular surface formed in said
base.

20. A carrier employed in the semiconductor wafer

20 processing method of claim 1, wherein said base is made
of a transparent material, and said adhesive member is a
UV cure-type adhesive of which the adhesion is reduced
or lost by ultraviolet rays irradiated through said base
so that said carrier can be peeled off from said

25 semiconductor wafer.

21, A carrier employed in the semiconductor wafer
processing method of claim 1, wherein said adhesive

member comprises a temperature activation type adhesive



tape 52, is coated an adhesive of which the adhesionis 1 Ilﬂu m

by irradiating W (ultraviolet) light 54 (Fig. 36), oﬁ!mw En Iﬂ!’ll
cure-type adhesive (adhesive nenber) 51b. Moreover, the b&séjld i S
made of a transparent or senitranspa?@nt mat eri al through which

W light 54 t as acryligc acid resi 20 or a materi al
havi Ing transgg)r%e‘r%%f}.ghr Uit ol s ngrepcf%ccee Lﬁléequsr%[ @s%?ﬂ%%iﬁjz}ﬁ%r

f t hidpal I+ | r{j.en e sgribed .
bol ow. The prSoelioe 57 hits Tas raan i i ind oted D e Haid e o
that of the egleadicondudy Wated-. 25 first, and thus like elenents will be

described briefly. First, the sem conductor wafer 2 thinned
to a cerai.n t hi ckpetarirs o @Rt AEY & B LUK said
adhesi ve 51b coated surface of the carrier 1 as

36 5 temperature activation type adhesive of said carrier has

its adhesion reduced or lost at a low temperature.
23. A carrier employed in the semiconductor wafer
processing method of claim 1, wherein said adhesive
member comprises a liquid that acts as an adhesive in
10 such a manner that said semiconductor wafer and said
N base are made in intimate contact with each other by the
interfacial force exerted therebetween and that the
semiconductor wafer is peeled off from the base by
ultrasonic waves.
15 24. A carrier according to claim 11, wherein said
base is made of an acid-resistant material.
25. A carrier according to claim 24, wherein said

base is made of compacted fibrous fluororesin.



illustrated in Fig. 31. Wen a li hHK?@HE@thS b d uniformy on the
entire surface of the sem conduct ¢r RE ., the W cure-type adhesive
B1b is pressed by the sem co hus maki ng the wafer 2

fixed to 5 the carrier 1 to formthe water conposite 10 (Fig. 32).
Then, the wafer conposite 10 is Ioade&u#ﬁg&gﬁzetching apparatus in
such "a manner that the rear surface o sem conductor wafer 2 is

L e s R R T

etchant L on the 10 rear sar s beirng spun

(Figs. 33 and%§§)crgékgraﬁan§£?gigagggggggg,w&gﬁaw%%gﬁyghtTg%onposite 10 is

attached to the dicing tape Is irradiated

on the wafer s§oHPESh&EciOr wafelNERUAAI hiepPasgshaihbhddedbtheT#erst
irradiated UV light 15 54 penetrates the transparent base |a, sheet tape

52, 3d suBpsofepb8paningeacbasribe UViormedt yEecaaBhesi 18 and adlb.
Theref ore, adhesion of the UV cure-type adhesive 51b is reduced by the
W light 54. svctios padelbtpeovidedcanrone &urfapel bédthvapaseonat be
sem conductor wafer 2, 20 and thus the thinned sem conductor wafer 2
stays stuck formed of a base film with an adhesive, the second step
of bonding a semiconductor wafer to the carrier 1 in
such a manner that a rear surface of the semiconductor
10 wafer 2 with no circuit elements formed therein is
~ opposite to the carrier to form a wafer composite 10,
and the third step of holding the carrier of the wafer
composiﬁe 10 with its semiconductor wafer 2 side up and
spin-coating an etchant on the rear surface of the

15 semiconductor wafer 2 thereby to make the semiconductor

wafer 2 thin.

This Sheet Has Been RTlaced
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to-the dicing tape 4 (Fig. 30). Thereafter, the sem - conduct or wif er2Q27
2 is diced into individual sem conductor chips. In this case, the
dicing tape 4 nay be nade of a mat eri al of which the adhesi on can be
reduced by the 25 irradiation of W light. Thus, if W light is

irradi ated on the sem conductor wafer when the sem conduct or chi ps
after "dicing are picked up, the operation is easy.

37 According to the sem conductor wafer 2 processi ng
techni que of this enbodi nent, the peeling-off operation can be
performed with ease, since W |light 54, after thinning, is irradi ated
on the WV cure-type 5 adhesive 51b used as an adhesive for bonding the
sem conductor wafer 2 and the base la, thus reducing its adhesi on so

that the carrier 1 can be peeled F._tiéro,T




the semi conduct or waf er 2. In addition, since the adhesion
‘between the 10 carrier 1 and the sem conductor wafer 2 is reduced by

the irradiation of UV light 54, there is no heat effect on a nenber,
.such as the dicing tape 4, to which the sem conductor wafer 2 is
transferred after thinning, and thus it is possible to increase the
freedomin the 15 sem conductor production process design.

Mor eover, since the thickness of the wafer conposite 10 can be
decreased by use of UV cure-type - adhesi ve 51b, the wafer conposite 10
can be handled |ike t he nornEt cgicgress sem conduct or wafer w thout
20 particular care to the small t l Al so, since the

sem conductor wafer 2 can al ways be kept flat along the base la, it is
possible to [ 7 ZUPPDFESS XNE Jarp o1 /e BeAl JODIURT BT Ave

Fig. 38 is a plan view o e carrwer used 1n e sen1conduct waf er
th|nn|ng process v-\ still ~Nalatdal= =YasaYala n-- e q% he 10
| nvention. Fi “&\\\\\‘\“ﬁ\“&“\#&\! ong, tpd }ine

1 : CARRIER 2 : SEMICONDUCTOR WAFER

ia: BASE : 10 : WAFER COMOSITE

1b : SUCTION PAD
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XXXI X-XXXI X in Fig. 38. 38

The carrier 1 in this enbodi nrent has the base | a made of a PET film
with a thickness of, for exanple, 188 [err]m and a tenperature
activation type adhesive (adhesi ve nenber) 61b, coated on the base |a,
of whi ch 5 the adhesion is reduced or lost at a | ow tenperature of
OlerrfCto 5[err]C. The base |a may be nmade of PET fil m of whi ch the
thickness is, for exanple, 100 [err]mor 250 [err]m or made of, for
exanpl e, plastic or glass plate other than PET film The tenperature
activation type adhesive 10 61b used is of the cool-off type in which the
peel strength per 25-mmwi dth is 35 gf to 150 gf at a tenperature
of 10[err]Cto 90[err]C and is rede tg§40 gf at a t enper ature of,
about O[err]Cto 5[err]C. However, anodther type may be used in which
the tenperature activation point is

- j\(\/l— 2

1a

]
;éés//////////////é/r"‘;} 10
1

FIG. 7




15 as high as about 15[err] C depending on the environnment in which it
is used. The tenperature activation type adhesive 61b in this
specification is an adhesive of whi ch t he adhesion is reduced or |ost
by tenperature change, and it includes the cool-off type in which the
20 adhesion is reduced at a low tenperature as in this enbodi nment ,
and a’warm off type of which the adhesion is reduced at a high
t enper at ur e. In the sem conduct or wafer thinning process
using this carrier 1, first, the sem conductor wafer is 25 attached onto
the carrier 1 at normal tenperature to formthe wafer conposite, and
the sem conductor wafer is t hi nned by the sane etching process as in
t he previous enbodi ments. Then, the wafer conposite is stuck on the
39 dicing tape so that the adhesive surface adheres to the
sem conductor wafer. Thereafter, the wafer conposite on

1a

1
1) 310

FIG. 9
2) 3

\__/—\m

FIG. 10




the tape is left in a |owtenperature environnent such as a
vrefrigerator for ten mnutes so that the wafer 5 conposite is cooled to,
for exanple, 3[err]C Since the tenperature activation type adhesive
61b is of the cool -of f type in which the peel strength is reduced to
about O gf at a tenperature of O[err]Cto 5 err]C together with gr eat
reducfion of the adhesion, the carrier 1 can be 10 easily peeled off from
t he sem conduct or wafer when the waf er conposite is cooled to 3[err]C
Wil e the tenperature activation type adhesive 61b used in this

enbodi ment is of the cool-off type in mﬂi h the adhesion is reduced at
a low tenperature, it 15 may be of 'ﬁff type in which the
adhesion i s reduced at a high tenperature within a tenperature range
in which the base la and the dicing tape are not affected by heat. In
addition, if the dicing tape is a UV tape of which the
adhesion is reduced by 20 thg 'rradlatlon of UVN ght, at effect
can be conpl etely elinrated. ‘/*ﬁb\h 1b

FIG. 12 1




According to the sem conductor wafer thinning - technique of this

enbodi nent, the peeling-off operation can be easily perforned since
the carrier 1 using the 25 tenperature activation type adhesive 61b as a
bondi ng agent is peeled off fromthe sem conductor wafer when t he
adhesion is reduced by tenperature change. In addition, since the
carriér 1 can be repeatedly used, _ 40
t he thinned sem conductor wafer can be nass-produced at | ow cost.

Mor eover, since the wafer conposite can be made thin by using PET film
for the base la, it can be 5 handl ed |i ke the normal -t hi ckness

sem conduct or wafer. Al so, since_the cost can be reduced, the carrier
1lis . di sposabl e. ' 'hé%_tjéBfiln}shaped base | a can be
peel ed off fromthe sem conductor wafer, the separation is

1a




10 easier than a plate-like and solid material. In addition, a

protective tape for BG (back grinding) before etching for thinning can
be used for the base |a. Al so, since the sem conductor wafer
i s al ways kept flat along the base la, the warp of the sem con- 15
ductor wafer can be suppressed even by the carrier 1 of this

enbodi ment . Fig. 40 is a cross-sectional diagramof the
carrier used in the sem conductor wafer thinning process of stil

anot her enbodi nent according to the invention. 20 The base | a
of the carrier 1 according to this enbodi nent i s nade of pressed-hard
fibrous fluororesin in place of _the PET filmdescribed in the above
enbodi - ment. Thus, the bondiréFkékﬂn1 ch as the tenperature

activation type adhesive 61b can enter into the gaps of 25 the
fluororesin by anchor effect so as to be sur-lmb1 coated on the base |a.
e the

The bondi ng agent, or adhesive menber,/may W cure-type adhesive
51b nentioned in t he above-emod{nEnys=..
p .
g N
/ . +

/ =2
_ / \ 11b}1 10
1a
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41 Thus, since the carrier 1 has its base la made of

fluororesin having a feature of resistance to acid, it is possible to
use various bondi ng agents such as the tenperature activation type
adhesive 61b that has low 5 adhesion to the base |a. Fi gs
41 to.54 are flow di agrans of an enbodi nent of the I C card production
nmet hod according to the invention. Fig. 55 is an enlarged plan view of
t he el ectrode portion of a chip of the sem conductor wafer 10 shown
in Fig. 41. Fig. 56 is a cross-sectional diagram taken along the line
Cl to Cl in Fig. 55, Fig. 57 shows the details of Fig. 48, and Fig. 58
Is a plan view of the internal structure of the IC card produced
accordi ng to this enbodiment. Fig. R9 is_a cross-sectional 15

di agram taken along the line C2 to ngﬂﬁgﬁi§f7%8, Fig. 60 is an

enl arged cross-sectional view of portion Ain Fig.




.

59, and Fig. 61 is an enlarged cross-sectional view of portion B in

Fi g. 60. In the I C production nethod of this enbodi- 20
ment, "first, the semiconductor wafer 2 having circuit el enents built
in the main surface, or in which the so-cal l ed wafer process is

al ready conpleted, is prepared as illustrated in Fig. 41. Therefore, a
passivation film2a (Figs. 55 and 56) nmade of, for 25 exanple, Si3N4 film
is formed on the main surface to shield the circuit elenents fromthe
ext ernal atnosphere so that the characteristics of the elenents can be
stabilized. In the illustrated exanple, Au (gold) bunps

42 2b are forned on the chip el ectrodes by, for exanple,

el ectrolytic plating or vacuun1eva!3|€3io1£)Nring conductors 101la
(Fig. 58 and so on) on a card substrate”

]




101 (Fig. 53 and others) which will be described |ater 5 are electrically

connected through the Au bunps 2b to the chips. In this case, the chip
el ectrodes may be connected to the wiring conductors by w re bonding

i nstead of the bunps. In addition, bunps made of ot her metal, such as
Pb (phosphorus)/Sn (tin) bunps may be 10 fornmed on the chip el ectrodes.
Fig. 55 shows the chip el ectrode of the sem conduct or wafer 2. As
illustrated, the passivation film2a is deposited around the Au bunp
2b on the chip. As shown in Fig. 56, or in the cross-sectional diagram
15 taken along the line CJerr]-Clerr] in Fig. 55, the passivation

film?2a protecting the elenent region Ais fornmed of two | ayers: an

i norgani ¢ passivation film 2afer under - | ayer and an organic
passivation film 2a2 as an upper#lé Qg“/ The inorganic passivation film
2alerr] is made of, 20 for exanple, 1.2 [err]n}thick SiN (silicon

nitride) and 0.6 [err]mthick SI. err] (silicon oxide), and the

or gani ¢ passi va- tion fji

of , for exanple, 2.3
[err] mthick

sion A are fornmed, for

taisinfa/nnneiels [w[w{sie[nlasin
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exénple, an Al el ectrode conductor 2c of 0.8 [err]m 25 thickness, and an

- under bunp netal 2d on the conductor 2c. The Au bunp 2b of, for
exanple, 20 [err]mheight is formed on this underbunp netal 2d as a
pl ated el ectrode. In this enbodi nent, the underbunp netal 2d is nade
of Ti 43 (titanium/Pd
(paltadium for increasing the adhesion and for netal diffusion
protection. It may be nade of ot her netal, for exanple, TiW
(titaniumtungsten), C (chromium or Cu (copper). 5
Then, as shown in Fig. 42, a surface- protective resist 111 is coated
on the main surface of the sem conductor wafer 2, and heated. In
addi tion, as shown in Fi E:lg G tape 112 for rear surface grind-
ing is attached on the main s & 'of the semiconductor 10 wafer 2, and

the rear si fer
WW//[[///?T\—' 2 )
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of, for exanple, 550 [err]mthickness is ground to a t hi ckness of, for
»exanple, 150 [err]mas shown in Fig. 44. Since the resist 111 is
coated on the main surface of the wafer, the surface of the

sem conductor wafer 2 can 15 be protected from contam nation by dust in
the BG process. After the sem conductor wafer 2 is

t hi nned by the BG process, the BG tape 112 is peeled off as shown

in Fig. 45, and then the resist 111 is renoved as shown 20 in Fig. 46.

The carrier 1 is prepared which has the base made of, for exanple, 250 -
[err]mthick PET filmand a nornal adhesi ve (nanely, not of the

tenperature activation type) congxs?nzg base. Then, as shown in
Fig. 47, 25 the sem conductor wafer h&tfs rear side L‘%i

attached onto the carrier 1 to formthe wg gr conposite 18.4 The

above enpogt nt§2

carrier 1 may be of other types used in t

) ) S
41b2 41b1 4

~ | FIG. 28
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44 Here, the thickness of the adhesive of the carrier 1
-is equal to the height of the Au bunp 2b, or 20 [err]m Therefore, the
adhesive acts not only on the Au bunmp 2b, but al so on the passivation
film2a on the 5 wafer surface 20 [err]m | ower than the Au bunp 2b.

Thus, all the carrier 1 is nmade in intimate contact with the

sem conductor wafer 2 so that both can be prevented from bei ng peel ed
off fromeach other. Since the adhesive adheres to the wafer surface
even though its thickness 10 exceeds the height of the Au bunp 2b, the

t hi ckness of t he adhesive may be |larger than the height of the Au

bunp 2b (namely, equal to orfﬂi rE}ﬂan t he hei ght of the Au bunp

2b) . I f the wafer conposite 10 is formed, the 15 etchant L

is dropped on_the rea iwface of th C onduct or waf er g he waf er
conposi te wWihdi s L L Avaf of & o A And 14 Anilng’ (X ' ching to a

},1 10




t hi ckness of, for exanple, 50 [err]m Here, if the carrier wer e not
attached to the sem conductor wafer, the 20 sem conductor wafer would be

war ped when it is thinned to such a | evel because the rigidity of the
sem con- ductor wafer 2 is reduced so that the residual stress in

the passivation film2a is released. Particularly when t he conpressing
stress in SiN of inorganic passivation 25 film2a[err] and the tension
stress involved with the curing contraction of polyimde of organic
passivation film 2a2 are rel eased, the surface of the sem conductor
waf er 2 woul d be warped to have irregularity. Thus, If the

45 sem conductor wafer 2 is stuck to the carrier 1 to form t he
waf er conposite 10 as in this enbodi , éﬂgﬁbase constituting the
carrier 1 reinforces the seniconducth£§ fer 2 to conpensate for the

reduction of rigidity, and 5 suppresses the rel ease of the stress in the
passi vation

53 52 51b}1 10

FIG. 36
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25'although t he sem conductor wafer 2 overhangs fromthe wor ki ng st age

- 113a, it is not necessary to support \its peri phery by supporting pins.
Thuss, the etchant L can be properly dropped on right place w thout
stayi ng at 46 unnecessary
| ocations of supporting pins, any defects and dents can be prevented
fromlocally occurring on the sem conduct or wafer during etching.
Since the flow ng-around probl em of the 5 etchant L nentioned above can
be sol ved by strongly conbi ning the sem conductor wafer 2 and the
carrier 1 to be in intimate contact with each other, the dianmeter of
the sem conductor wafer 2 may beéﬁq S | er than thapp of the carrier
1. In that case, the N err] gas i's not 10 necessaryfto be bl own agai nst

t he waf er conposit

uch as di pping
system as df o2




sem conduct or wafer 2. After the sem conductor wafer 2 is
‘thinned to 15 a thickness of about 50 [err]m the wafer conposite 10 is

attaehed to the dicing tape 4 with its sem conduct or waf er 2 side up
as shown in Fig. 49. Then, as illustrated in Fig. 50, the | ower
surface of the tape is fixed to a vacuum suction table 114, and the
carriter 1 20 is peeled off fromthe sem conductor wafer 2 by peeling.
Thereafter, as shown in Fig. 51, the sem - conductor wafer 2 is

di vided into individual sem con- ductor chips P by, for exanple, ful
cutting. As shown in Fig. 52, le~ght is then irradiated on the W
25 adhesive of the dicing tape 4, tHEQ(EEdd%gﬁg or IoosH or losing

t he adhesi on between the dicing tape 4 and the S ductor wafer 2.

As illustrated in Fig. 53, the card substrate 2b {1 2
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47 101 is set above the sem conductor chip P, and the

senlconductor chip Pis tentatively attached by a direct transfer
systemonto the card substrate 101 at a chip nounting location with

t he anisotropically conductive 5 adhesive 116 being interposed

t herepbetween. In the direct transfer system the card substrate is
stuck up from bel ow by a sticking-up pin 114. Then, as shown in

Fig. 54, the chip Pis fully bonded to the card substrate by a bondi ng
tool 118 with the Ilower side 10 being supported by a pedestal 117. In

t hi s bondi ng process, the sem conductor chip is heated and pressed
agai nst the card substrate. Fig. 58 illustrates a IC card
100 forned by the card substrate 101 with the sem conductor chips P

15 thus nounted. The IC card 100 is a wireless type IC card
assenbl ed by | am nate system The quqcaﬁ giﬁzits card substrate 101
surrounded by a printed coil 101b i s forned in a ring shape

al ong the periphery of the I C substrate and which serves as an antenna
for

101b 101a 116 101a 101b

>)(J (

L

o
o FIG. 54
101b 116 101b
p
— x: = - — - — = - 5 s
QO 417 101




]

20 receiving an external signal and transmtting an i nternal signal
The 1 C card has also a wiring conductor 10la forned extending fromthe
printed coil 101b. The wi ring conductor 10la connects the printed
coil 101b and the sem conductor chips P, so that signals 25 are
transmtted and received between the sem conduct or chi ps P having
various functions and the external. The nenbers of the IC
card 100 are | am nated wi th an adhesive as shown in Fig. 59. In other
wor ds, a 48 spacer 102 with
recesses provided for receiving the printed coil 101b, wring
conductor 10la and nounted senicF?ﬂEStgsgghips P is bonded face to
face to the chi p- rounded si de of substrate 101, so that the
S spacer 102 is flush with the sem conductor chips P. In addition, a

t hi ckness correcting 5

o C1 ,E{ C1
26
2a

|\




to the spacer 102 so as to adjust thickness to bring the sem conduct or
‘chips P such as I C chips and capacitor chips to the bending neutral
poi nt of the I1C card 100 10 (the bending neutral point is the center of

t he t hi ckness of the IC card 100 if the nenbers of both si des of
the sem conductor chip P are all equal). Wen the IC card 100 is bent,
the conpressing force and tensi on exerted on the sem conductor chips P
can be 15 relieved by this thickness correcting sheet. Moreover,

decorated exterior plates 104a, 104b that serve as the front and rear
surfaces of the 1C card 100 are respec- tively bonded on both sides of
the lam nate of card substrate 101, spacer 102 and thickness
correcting sheet 20 103. In this enbodinment, the card substrate 101,

t hi ckness correcting sheet 103 and decorated exterior pl ates 104a,
104b are nade of PFT. Fig. 60 is an enlarged view of portion
A of Fig. 59. In the chip-noudted region of the IC card 100, 25 the
Au bunps 2b are electrically conne ated teathe wiring conductor 10la

t hrough t he anlsotroplcally con %&tlve -
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adhesive 116 and by its adhesion so that the sem con- ductors P are
nmounted on the card substrate 101. Al so,

49 t he thickness correcting sheet 103 is bonded to the card

sifbstrate 101 with the spacer 102 interposed there- bet ween. Fig. 61
I's an enl arged view of portion B of Fig. 60. The anisotropically
conductive adhesive 116 is 5 forned by an adhesive 116b and conducti ve
pafticles 116a each of which is fornmed of, for exanple, a plastic bal
of about 5 [err]mdianeter with an Au coating. Part of the conductive
particles 116a of the anisotropically conductive adhesive 116 is
crushed between the Au bunp 10 2b and the wiring conductor 10la. Thus, the
Au bump 2b and the wiring conductor 10la can be electrically
connected through the crushed nggaftgx particles 116a.

According to the IC card 100 pno ]l t hod

100
101b
\
~ 59
FIG 100
1b
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of this enbodinent, since the carrier 1 and the sem con- 15 ductor wafer
are conbined into the wafer conposite 10 of which the sem conduct or
wafere 2 is then thinned to a t hi ckness of, for exanple, 50 [err]m

W thout any crack and warp and diced into sem conductor chips P which
are used in the assenbly process for the I1C card 100, the IC card 20
100 can be nade thinner. The present invention is not
limted by the speci fic enbodi ments previously nentioned in detail,
but I s capabl e of various changes and nodifications w thout

departing the scope of the invention. 25 For exanpl e, the base
| a may be nol ded out of fluororesin, glass plate or epoxy resin, and
t he suction pad | b may be a IF(’@ 6|g| as water. In this case, the
interfacial force is exerted between tTHe S€ni conduct or

50 wafer 2 and the base |la so that both materials can be
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BERPLACEMENT SHELTS g

ponded t oget her, aEEdDetSm‘imi@‘eTiﬂﬁ@dp%S ERES oy

£

D

criier 1 from t he ,
seni conduct or wat el Clains} r aseazed ePAE8C appl i @CEMENTVMET
conposi te. 5 k(s YAPPIs CABI to) TRged .. € sem conduct or.
waf er processingit gCAbitawe : pagef 7S pagedntion is useful for the

51 ErA-VE— 1, A seni*cofdutt ot S
waf er processi ng net hod conpri $9¥ng: a first step of
preparing a plate-like carrier 5 formed of a base and an adhesi ve nenber
provi dedgqhre@nadded) .sur fRCRaOhodabfl M@8EFfacturing a semiconductor device

comprising the steps of:

oot roni ¢ devi cds sy g remerdssat=raer 1 oo YN IR

(a) preparing a semiconductor wafer having a main surface and
a rear surface which is opposite to said main surface, said
semiconductor -wafer having a plurality of semiconductor elements
formed in sald main surface;

(b} reducing a thickness of said semiconductor wafer by
grinding said rear surface of said semiconductor wafer, thereby
providing said semiconductor wafer having a first thickness and a
first rear surface which is opposite to said main surface:

{c) - after the step(b), reducing said first thickness of said
semiconductor wafer by contacting an etching solution with a first
rear surface of said semiconductor wafer, thereby providing said
semiconductor wafer haﬁiﬁg a second thickness and a second rear
surface which ' is opposite to said ﬁain surface.

 27(new added). A method of manufacturing a semiconductor device
according to claim 26, wherein said second thickness of said
semiconductor wafer is less than 100 micron.

28 {(new added). A method of manufacturing a semiconductor device

according to claim 26, wherein said second thickness of said
semiconductor wafer is about S50 micron.

" 29 (new added). A method of mnnufacturihg a semiconductor device
according to claim 26, further comprising the step of:
{d) after the stap(c), dividing said semiconductor wafer into
plural chips having semiconductor elements therein:
(e) after the step(d), mounting a selected one of said plural
chips on a substrate of an IC cafd.

30 {new added). A method of manufacturing a semiconductor device
comprising the steps of:
(a) preparing a semiconductor wafer having a main surface and

*
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a mannef 1 ugf
f ormed h<=re{:|"| “stfq"ii?s pposi t€ t6 sdid carrier t conposite;
and a thrd step of hol ding said wafer conposite W th

- sai d sem conductor wafer php and sm|1é5nu|ng an etchant on the rear
surface ' ' ct or waf er thereby to thin said sen1conductor
wafer. aldredr surfacd\ SAIICEONIYCtHpIGf@ BHOCESSH NGd®! NQlrfaca, sai
according to claim1, wherein the dianeter_of said sem conduct or waf er
is lar gé%“&lﬁaﬁdflﬁaf’rofwasfard Raf¥iera plurgditiafal senirorpsiudmrr glenestsd

sem congueh@d in sa@¥ehB@RosuifQEa said carrier in said wafer conposite, and
20 said sem conductor, thinning process at the third step is per f or ned

while gas i Pdont3IHRFIY bF f FEM-BepdNFEtor wWafenst tSai ck wasepporting
CONPOSi @bstratedsuch thal %‘%’I‘dcqm%tﬂrf@eercﬁarQ&e@%&glé@ﬁé\?gto wafe

according to claim1l, wherein the diameter of said Sem conduct of - wa
is equaF°PSaﬁF5sHﬁFPeFa%ﬂaﬁuﬁ?@Et¥ﬁg SUbsﬁiaﬂﬁocarrler so that the perlphery

of said senmegndugtdr the step(b), reducing a cthickness of said
semiconductor wafer by grinding said rear surface of said
semiconductor wafer on condition that said semiconductor wafer is
adhered to sald supporting substrate, thereby providing said
semiconductor wafer having a first thickness and a first rear
surface which is opposite to said main surface;

(d) after the step(c), reducing said first thickness of said
semiconductor wafer by contacting an etching solution with a first
rear surface of said semiconductor wafer on condition that said
semiconductor wafer is adhered to said supporting substrate,
thereby providing said ' semiconductor wafer having a second
thickness and a second rear surface which is opposite to said main
surface. '

31 (new added). A method of manufécturing a semicohductor device
according to claiﬁ. 30, wherein the step(d) includes a step of
spin-coating said etching solution with said first rear surface of
said semiconductor wafer while gas is continuously blown against

said semiconductor wafer from below said supporting substrate.

' 32 (new added}. A method of manufacturing a semiconductor device
comprising the steps of:
(a) preparing a semiconductor wafer having a main surface and
a rear surface which is opposite to said main surface, said
semiconductor wafer having a plurality of semiconductor elements
formed in said main surface and a passivating film covering said
. main surface;
(b} adhering said semiconductor wafer to a supporting
substrate such that said main surface with said passivating film
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claim 1, furﬂﬁedANdWﬁ 4 fo

di ci ng sjheet the ned rear surface of sald sen1conductor waf er of
sai d SimﬁTér conp05|te @drocessed at said third process, and peel i ng
of f saidicarrier from-sa-a wafer conposi@é; and afifth step
of dicisag said sEnisadadurirdicanductwal ehafer TRintadite REtTheeiid Nn@pporting

i ndi vi du semnj conduct or chips. 10 5. A sem conduct or wafer
processt Sheehdd conpri si ng: a first step of preparing

a sem condugkr after\/\ﬁfﬁ{ew &8ap (PRSI ¥aluednki | A f OERREKRBskL S JFRI Nsaid

Surfacesemiconductor wafer by grinding said rear surface of said
semiconductor wafer on condition that said semiconductor wafer is
adhered to said supporting substrate, thereby providing said
semiconductor wafer having a first thickness and a first rear
surface which is opposite to said main surface;

(d) after the step(c), reducing said first thickness of said
semiconductor wafer by contacting an etching solution with a first
rear surface of said semiconductor wafer on condition that said
semiconductor wafer 1is adhered to said supporting substrate,
thereby providing said semiconductor wafer having - a second
thickness and a second rear surface which is opposite to said main

surface.

33 (new added). A method of manufactdring a semiconductor device
comprising the steps of: ' '

{(2) preparing a semiconductor wafer having a main surface and
a rear surface which is opposite to said main surface, said
semiconductor wafer having a plurality of semiconductor elements
formed in said main surface and a polyimide film covering said
main surface:;

{(b) adhering said semiconductor wafer to a supporting
substrate such that said main surface with said polyimide £film of
said semiconductor wafer contacts with said supporting substrate;

' {(c) after the step(b), reducing a thickness of said
semiconductor wafer by grinding said rear surface of said
semiconductor wafer on condition that said semiconductor wafer is
adhered to said supporting substrate, thereby providing said
semiconductor wafer having a first thickness and a first rear
surface which is opposite to said main surface;

(d) after the step(c), reducing said first thickness of said
semiconductor wafer by contacting an etching solution with a first
rear surface of said semiconductor wafer on condition that said
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adhedi Ve g’egw p OVI ded on one surface oREﬁLqA@E

third dqtep o'f. ondi n ai d sem conduct or wafer to sgl‘%NcT;lrSrl-iieErETn such
a marnée O surface of ®Re wafer with no circuit elenments

f or ngd therein isjopposite to said carrier to forma wafer

CONpoSTEErs B0fauctor . wafer is® GAUGLR4Step of.bel dig éﬂ&%fﬁbm%@te

wi th said sem conductor wafer up and spin-coating an 5 et nt on the
rear siteentbyai orgehfitdadusadd watwiconducteerewafes t hawisgi da second

sem CO“E‘Hf%Qﬁa%@fgﬁ% (secdnd rea r SOFRIUC UM As WS s IO Yd1% TR

accor di ng , er conpr|5|ng
53 surface. afifth step of bonding to a dicing sheet the
34 (new added). A method of manufacturing a semiconductor device

comprising the steps of:

(a) preparing a semiconductor wafer having 2 main surface and
a rear surface which is opposite to said main surface, said
semiconductor wafer having a plurality of semiconductor elements
formed in said main surface and a silicon nitride film covering
said main surfacs;

(b) adhering said semiconductor wafer to a . supporting
substrate such that said main surface with said silicon nitride
film of said semiconductor wafer contacts with said supporting
substrate; ' | L

{(c) after the step(b), reducing a thickness of said
semiconductor wafer by grinding said rear surface of said
semiconductor wafer on condition that said semiconductor wafer is
adhered to said supporting substrate, thereby providing said
semiconductor wafer having a first thickness and a first rear
surface which is opposite to said main surface;

{d) after the step{c), reducing said first thickness of said
semiconductor wafer by contacting an etching solution with a first
rear surfaqe of said semiconductor wafer on condition that said

_ semiconductor wafer is adhered to said supporting substiate,
thereby providing said semiconductor wafer having a second
thickness and a second rear surface which is opposite to said main

surface.

35 (new added). A method of manufacturing a semiconductor device
comprising the steps of:

(a} preparing a semiconductor wafer having a main surface and
a rear surface vwhich is opposite to said main surface, said
semiconductor wafer having a plurality of semiconductor elements



' e
thi nned | dHPLACRMEIGE! of ©5di d ' fer of sai
conposi tie fprocessed” at "Jaiid lﬂﬂﬂlmﬂﬂmﬁﬂmfm REEM&BMEQQ?WEETH
fromsaild vvaf,nggRr@g?iqe; and ‘5%t " % * g sSixth step of dicing said
sem conducit or waf erf dn said dicing sheet into individual sem conductor
chi ps. + Al € card producgng method conpri sing:
a first {step of preparingja plate-like carrier 10 forned of a base and an
adhesivg e T on one. sur face of sgiqdbqge' . ., a
second &P&PT a1y 5 S i oriduet & Ion PitHide FHRFPTEFITS 307 a
manner mAah surdaces wridice pblyimidsafimafermedt honassid csilicdremebtBide
formed therein is 15 opposite to said carrier to forma wafer conposite;
a thirdféﬁ@p of hol ding said wafer conposite wi th said sem conduct or
waf er up andpypi redgstinyg agaid sehibBefiduerot hewagar Swof acg ofuppbdting
sem conduct or wafer t hereby to thin said sem conductor wafer. _ 20,
a fourt BUBFEEase sBHdl nghde f2éfcimednsesifagR with said silicon nitride

film and said polyimide film of said semiconductor wafer contacts

with said supporting substrate;

(c}) after the step(b), reducing a thickness of said
semiconductor wafer by grinding said rear surface of said
semiconductor wafer on condition that said semiconductor wafer is
adhered to said supporting substrate, thereby providing said
semiconductor wafer having a first thickness and a first rear
surface which is opposite to said main surface;

{d) after the step{c), reducing said <£first thickness of said
semiconductor wafer by contacting an etching solution with a first
rear surface of said semiconductor wafer on condition that said
semiconductor wafer is adhered to said supporting substrate,
thereby providing said semiconductor wafer haviﬂg 'a second
thickness and a second rear surface which is opposite to said main
surface.

36 (new added). A method of manufacturing a semiconductor device
comprising the steps of:

(a) preparing a semiconductor wafer having a main surface and
a rear surface which is opposite to said main surface, said

. semiconductor wafer having a plurality of semiconductor elements
formed in said main surface;

{b) reducing a thickness of said semiconductor wafer by
grinding sajid rear surface of said semiconducror wafer on
condition that said main surface of said semiconductor wafer is
preserved from circumstance of said grinding, thereby providing
said semiconductor wafer having a first thickness and a first rear
surface which is opposite to said main surface;

(c) after the step(b), reducing sald first thickness orf said
semiconductor wafer by contacting an etching selution with a first
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](c:orrp05| tg pr ](c)c;;sed at saijd tmmmllgmnﬁmu@lf ) ] E‘fﬁtggTMEggl d garrl er
rom sai d jwdf eft 3CPAROSHY €; a fifth step o i ci ng sai

seni condudt dqr 25 wafer of $aid di ci ng sheet into individual sem conductor

chi ps; a-stx{h step og,reducing the adhe5|on of said

di cing sh

sevent hrééfpagéfgegntafngay@ 9L PO d@étcf Al Qagex é@”&&ﬁ&?‘%’féﬁr tﬁQtpssa%a

card substrate at a chi p- mounting location or

chi p- mottn ngurface @cfatsm smcon®ctor wafer &4 eppdservedpfopm said
gre(r)ndgglnductoré ghl%i&{yn’ ps no aéoqrd'ldqn%ws#a&e ygr&:.;&oﬁ"ad&%tor wafer
pr oduci mawimg hed sgqgmdanm}ckness and a second xear surface which is
opposite to said main surface;
(d) after the step(c), adhering said semiconductor wafer
having said second thickness to a dicing tape; and
(e) after the step{d), dividing said semiconductor wafer into
plural chips having semiconductor elements therein, by cutting

completely through said semiconductor wafer.

37 {new added). A method of manufacturing a semiconductor device
comprising the steps of:

(a) preparing a semiconductor wafer having a main surface and
a rear surface which- is opposite to said main surface, said
semiconductor wafer having a plurality of semiconductor elements
formed in said main surface and a plurality of bump electrodes
formed on said main surface:; '

(b} redud¢ing a thickness of- said semiconductor wafer by
grinding said rear surface of said semiconductor wafer on
condition that said main surface of said semiconductor'vafer is
preserved froﬁ_cdrcﬁmstance of said grinding, thereby providing
said semiconductor wafer having a first thickness and a first rear
surface which is opposite to said main surface; )

(¢} after the step(b), reducing said first thickness of said

. semiconductor wafer by contacting an etching solution with a first
rear surface of said semiconductor wafer on condition that said
main surface of sald semiconductor wafer is preserved from said
etching solution, thereby providing said semiconductor wafer
having a second thickness and a second rear surface which is
opposite to said main surface;

(d) after the step{c), adhering said semiconductor wafer
having said second thickness to a dicing tape; and

{e) after the step(d), dividing said semiconductor wafer into
plural chips having semiconductor elements and bump electrodes, by
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a second stie pl ate-t m s carrier formed of a base an
an adhesiv Teaﬁéﬂﬁgfggb

b on one surface of said base; 15
a third stpplef-bonding als n1conductgr waf er to said carrier in such
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a fourth step of holdlng sai d mafer conposite 20 with sai d seni conduct or

waf er up and spin-coating an etchant on the rear surface of said
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a fifth step of bonding to a |C|n eet I'nned rear ~suar
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a rear surface which 1is op9051te to said main surface, said
semiconductor wafer having a plurality of semiconductor elements
formed in said main surface;

(b) reducing a thickness of said semiconductor wafer by
grinding said rear surface of said semiconductor wafer on
condition that said main surface of said semiconductor wafer is
preserved from circumstance of said grinding, thereby providing
said semiconductor Qafer having a first thickness and a first rear
surface which is opposite to said main surface;

(c}) after the step(b), reducing said first thickness of said
semiconductor wafer by contacting an etcliing solution with a first
rear surface of said semiconductor wafer on condition that said
main surface of said semiconductor wafer is preserved from said
etching solution by «covering said main surface of said
semiconductor <chip with a surface protective £ilm, thereby
providing said semiconductor wafer having a second thickness and a
second rear surface which is opposite to said main surface; |

(d) after the step(c), adhering said semiconductor wafer
having said second thickness to a dicing tape;

(e} after the step(d), removing said surface protective film

. from said semiconductor wafer; '

(f} after the step({e}, dividing said semiconductor wafer into
plural chips having semiconductor elements therein, by cutting
completely through said semiconductor wafer.

3% (new added). A method of manufacturing a semiconductor device
comprising the steps of:

{a) preparing a semiconductor wafer having a main surface and
a rear surface which is opposite to said main surface, said
semlconductor wafer having a plurality of semiconductor elements
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grf%éghg safh regp surface of said semiconductor wafer on

condition that said main surface of said semiconductor wafer is
preserved from circumstance of said grinding, thereby providing
said semiconductor wafer having a first thickness and a first rear
surface which is opposite to said main surface:

(c) after the step(b), reducing said first thickness of said
semiconductor wafer by contacting an etching solution with a first
rear surface of said semiconductor wafer on condition that said
main surface of said semiconductor wafer is preserved from said
etching solution, thereby providing said semiconductor wafer
having a second thickness and a second rear surface which is
opposite to said main surface; .

(d) after the step(c), adhering said semiconductor wafer
having said second thickness to a dicing tape:

(e) after the step(d), dividing said semiconductor wafer into
plural chips haviﬁg semiconductor elements therein, by cutting
completely through said semiconductor wafer; and

(£} after the step(e), mounting a selected one of said plural
chips  on a substrate having wiring layers via an anisotropic
conductive film such that said bump electrodes of said selected
one of said plural chips are electrically connected with said
wiring layers of said substrate by said anisotropic conductive
film.

40 (new added). A method of manufacturing a semiconductor device
| comprising the steps of:

(a) preparing a semiconductor wafer having a main surface and
a rear surface which is opposite to said main surface,' said
semiconductor wafer having a plurality of semiconductor elements
formed in said main surface and a plurality of bump electrodes

formed on said main surface;
(b} zreducing a thickness of said semiconductor wafer by

of

a
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56 f sald sem conduct or waf er. carrier

accor df t?é) §§, o, hayigg a first thlckness and a flrst rear
surface which is opposxte to said main surface;

{(c} after the step(b), reducing said first thickness of said
semiconductor wafer by contacting an etching solution with a first
rear surface of said semiconductor wafer on condition that said
main surface of said semiconductor wafer is preserved from said
etching solution, thereby providing said semiconductor wafer
having a second thickness and a second rear surface which is
opposite to said main surface;

(d) after the step{c), adhering said semiconductor wafer
having said second thickness to a dicing tape;

(e} after the step(d); dividing said semiconductor wafer into
plural chips having semiconductor ‘eleménts therein, by cutting
completely through said semiconductor wafer; and '

(£) after the step(e), mounting a selected one of said pluxal
chips on a substrate having wiring layers such that said bump
electrodes of said selected one of said plural chips are

electrically connected with said wiring layers of said substrate.

41 (new added). A method of manufacturing a semiconductor device
comprising the steps of: -

{(a) preparing a semiconductor wafer having a main surface and
~a rear surface which is opposite to said main surface, .said
semiconductor wafer having a plurality of semiconductor elements
formed in said main surface;

{b} reducing a thickness of said semiconductor wafer by
grinding sald rear surface of said semiconductor wafer, thereby
providing said semiconductor wafer having a first thickness and a
first rear surface which is opposite to said main surface;

(c} arfter the step(b), reducing said first thickness orf said
semiconductor wafer by contacting an etching solution with a first

rear surface of said semiconductor wafer, thereby providing said
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42 (new added). A method of manufacturing a semiconductor device
comprising the steps of:

{(a) preparing a semiconductor wafer having a main surface and
a rear surface which is opposite to said main surface, said
semiconductor wafer having a plurality of semiconductor elements
formed in said main surface:

(b} reducing a thickness of said semiconductor wafer by
grinding said:  rear surface of saiq-sgmiconductor wafer,'thereby
providing said semiconductor wafer having a first thickness and a
first rear surface which is opposite to said main surface;

(c} after the step(b}, reducing said firxst thickness of said
semiconductor wafer by contacting an etching solution with a first
rear surface of said semiconductor wafer, thereby providing said
semiconductor wafer having a second thickness and a second. rear
surface which is opposite to said main surface:

(d) after the step(c), dividing said semiconductor wafer into
plural chips having semicoﬁductor elements therein, by cutting

_completely through said semiconductor wafer; and |

{(e) after the step(d), mounting a selected one of said plural
chips on a substrate,

wherein said method includes a step of covering said main
surface of said semiconductor wafer with a surface protective film
prior to the step(c), and after the stepi{c), a step of removing
said surface protective film from said semiconductor wafer prior
to the step(d).

43 (new added). A method of manufacturing a semiconductor device
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formed in said main surface:;

(b} reducing a thickness of said semiconductor wafer by
grinding sald rear surface of said semiconductor wafer, thersby
providing said semiconductor wafer having a first thickness and a
first rear surface which is opposite to said main suxface;

(¢} after the step(b), reducing said first thickness of said
semiconductor wafer by contacting an etching solution with a first
rear surface of said semiconductor wafer, thereby providing said
semiconductar wafer having a second thickness and a second rear
surface which is opposite to said main surface;

{(d) after the step(c), dividing said semiconductor wafer into
plural chips having semiconductor elements therein, by cutting
completely through said semiconductor wafer; and '

{e} after the step(d), mounting a selected one of said plural
chips on a substrate,

wherein said method includes a step of covering said main
surface of said semiconductor wafer with a surface protective f£ilm,
and after the step(b), a Stép of removing said surface protective
film from said semiconductor wafer.

44 {(new added). A method of manufacturing a semiconductor device
comprising the steps of: '

. {(a) preparing plural chips each having semiconductor elements
therein, said plural chips being provided by sub-steps of:

a first sub-step of preparing a semiconductor wafer having a
main surface and a rear surface which is opposite to said main
surface, said semiconductor wafer having a plurality of
semiconductor elements formed in said main surxface;

a second sub-step of reducing a thickness of said
semiconductor wafer by grinding said rear surface of said
semiconductor wafer, thereby providing said semiconductor wafer
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evacuated said silicone is sunk into said
carrier is peeled off fromthe sem conductor

carrier enployggl in the sem conductor wafer

proces 0 néfhod of claim 18, wherein said exfoliation portion is a

net or mirrq equl @irstrf eRecknes®d drtl S@ dfirst bgegr surfde whichA is

carrier qed i n the sem conductor wafer 20 processing nmethod of claim

1, V\/ner%l? Y TR H Mdde SULTACE 4 transparent material, and said

adhesi ve n&ﬂf’@r I g§hé@ secondVstbretbype aadfiisid/ eseh-ytéshot h%eadﬁ(iﬁlgo BaliY
reduced st by uItraVJ?Iet r.ays |rrad|ategsthrough sai d base

so t hatfigitd 5‘5‘:‘1"1 €58an® NdYetoi qW258T SR RRRAT G dva Ry .

21. et dhiGRf r$§6€Tueign oyeehi A Eﬁ%s%e@éa¥ukﬁiﬁﬁc@ﬁﬁﬁrsald SRR o
nmet hod of claim 1, wherein said adhesive nmenber conprises a

tenperd{iﬁ%rfac?hwt?lbrp{:?/‘b%d%e%?% semiconductor wafer having a second
thickness and a second rear surface which is opposite to said main

surface;

after the third sub-step, a fourth sub-step of dividing said
semiconductor wafer into plural <chips bhaving semiconductor
elements therein, by cutting completely through said semiconductor
wafer, whereby said plural chips each having said semiconductor
elements are provided; and .

(b) after the step(a), mounting a selected one of said plural
chips on a substrate having plural wiring layers.

45 {new added). A method of manufacturing a semiconductor device
comprising the steps of: |

(a) preparing a semiconductor wafer havzng a main surface and

"a rear surface which is opp051te‘ to said main surface, ;sald
semiconductor wafer having a plurality of semiconductor elements
formed in said main surface;

(b} etching '‘said rear suxface of said semiconductor wafer by
grinding, thereby providing said semiconductor wafer -having a
first thickness and a first rearxr surface provided by said
grinding; and .

. (c) after the step(b), etching said first rear surface of said
semiconductor wafer by exposing said first rear surface to an
etching solution, thereby providing said semiconductor wafer
having a second thickness which is thinner than that of said first

thickness.

46 (new added). A method of manufacturing a semiconductor device
according to claim 45, further comprising the step of:
(d) after the step(c), providing plural chips having
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47 (new added). A method of manufacturing a semiconductor device

comprising the steps of:

(a} preparing a semiconductor wafer having a main surface and
a rear surface which 1s opposite to said main surface, said
semiconductor wafer having a plurality of semiconductor elements
formed in said main surface:

{b) adhering said semiconductor wafer to a supporting
substrate such that said main surface of said semiconductor wafer
contacts with said supporting substrate;

{c) after the step(b), etching said rear surface of said
semiconductor wafer Dby grinding, on condition that said
semliconductor wafer is adhered to said supporting substrate,
thereby providing said semiconductor wafer having a first
thickness and a first rear surface provided by said grinding:

(d) after the step(c), etching said first rear surface of said
samiconductor wafer by exposing said first rear surface to an
etching solution, thereby providing said semiconductor wafer
having a second thickness which is thinner than that of said first
thickness. *

48 (new added}. A method of manufacturing a semiconductor device
' comprising the steps of:

(a) preparing a semiconductor wafer having a main surface and
a rear surface which is opposite to said main suxface, said
semiconductor wafer having a plurality of semiconductor elements
formed in said main surface;

(b) etching said rear surface of said semiconductor wafer by
grinding, on condition that said main surface of said
semiconductor wafer is preserved £from circumstance of said
grinding, thereby providing said semiconductor wafer having a
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first thickness and a first rear surface provided by said
grinding;

(c} after the step(b), etching said first rear surface of said
semiconductor wafer by exposing said first rear surface to an
etching solution, on condition that said main surface of said
semiconductor wafer is preserved from said etching solution,
thereby providing said semiconductor wafer having a second
thickness which is thinner than that of said first thickness:

(d) after the step(c}, adhering said semiconductor wafer
having said second thickness to a tape member: and

(e} after the step{d), providing plural chips having
semiconductor elements therein, by selectively scraping said main
surface of said semiconductor wafer.

49 (new added). A method of manufacturing a semiconductor device
comprising the steps of: '

(a) preparing a semiconductor wafer having a main surface and
3 rear surface which is opposite to said main surface, said
semiconductox wafer having a plurality of semiconductor elements
formed in said main surface; | |

(b) etching said rear surface of said semiconductor wafer by
grinding, thereby providing said semiconductor wafer having a
first thickness and a first rear surface provided by said
grinding;

(c) after the step(b), etching said first rear surface of said
semiconductor wafer by exposing said first rear surface to an
'etching solution, thereby providing said semiconductor wafer
having a second thickness which is thinner than that of said first
thickness;

(d} after the step(c), providing plural chips having
semiconductor elements therein, by selectively scraping said main
surface of said semiconductor wafer; and

(e} after the step(d), mounting a selected one of said plural
chips on a substrate having plural wiring layers.
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ABSTRACT

The semiconductor wafer is made thin without
any cracks and warp under good workability. The
semiconductor wafer thinning process includes the first
step of preparing a carrier 1 formed of a base la and a
suction pad lb provided on one surface of the base la or
formed of a base film with an adhesive, the second step
of bonding a semiconductor wafer to the carrier 1 in
such a manner that a rear surface of the semiconductor
wafer 2 with no circuit elements formed therein is
opposite to the carrier to form a wafer composite 10,
and the third step of holding the carrier of the wafer-
composife 10 with its semiconductor wafer 2 side up and
spin-coating an etchant on the rear surface of the '
semiconductor wafer 2 thereby to make the semiconductor

wafer 2 thin.
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